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Executive Summary 

Hull City Council appointed Halcrow Group Limited as consultant for the Hull 

Surface Water Management Plan (SWMP) and Aqua Green Project in April 

2009. The city was severely affected by surface water flooding during a storm 

event in 2007 with over 9,000 properties damaged. 

The objectives of this project were to provide a long-term strategy for the City of 

Hull’s surface water management including the identification, assessment and 

selection of preferred options for implementation. The use of Aqua Greens (dual 

purpose public recreation and surface water storage areas) were to be considered 

alongside other options. 

The City of Hull is home to approximately 250,000 people and is situated in the 

complicated catchment of Hull and Haltemprice. The city is served by the 

complex Hull and Haltemprice drainage system but a fluvial drainage system also 

passes through Hull. The project was undertaken broadly in accordance with the 

DEFRA SWMP Guidance document (Living draft version 0.1) and a further 

objective of this project was to test this document and provide feedback on its 

application. This feedback was provided in a separate report. 

A partner team was identified by Hull City Council and included representatives 

from a variety of organisations with an interest in the drainage of Hull and the 

city’s future development. The partner team comprised Hull City Council 

Economic Development and Regeneration, Hull City Council Development and 

Design Group, Hull City Council Gateway, The Environment Agency, Yorkshire 

Water Services Limited, The University of Hull, East Riding of Yorkshire Council, 

Yorkshire Forward and the Government Office. The partner team met monthly 

during the project and were regularly consulted on the SWMP proposed approach 

and the results. 

A surface water model had been developed as part of the Strategic Flood Risk 

Assessment (SFRA). This model was updated with the latest available data but 

budget and time constraints restricted the detail into which the drainage system 

could be analysed. It was important therefore that model results were regularly 

checked against partner experience. 

Flood mapping from the 2007 event was used to identify six areas of the city worst 

affected by flooding. SWMP timescale and budget constraints restricted the high 



risk areas that could be looked at in more detail to two. The model was then used 

to predict the two areas at highest risk of surface water flooding, found to be 

Derringham and Orchard Park, which were then studied in more detail. Other 

areas of the city will be looked at in more detail as additional funds become 

available. 

The cause of surface water flooding in Derringham and Orchard Park was found 

to be rural runoff from the west of the city. It was demonstrated that these areas 

could be best protected by the provision of surface water storage to the west of 

each development which could take the form of aqua greens. The effect of these 

aqua greens will be to intercept and store water before it reaches the urban area, 

drastically reducing the potential for damage in Derringham and Orchard Park. 

The feasibility of these options needs to be considered further and potential 

beneficial effects of East Riding of Yorkshire surface water management schemes 

assessed but Hull City Council, the Environment Agency and DEFRA have 

provided funding such that work on aqua greens feasibility can start right away. 

In addition the SWMP recommends early commencement of Yorkshire Water’s 

plan to model the Hull and Haltemprice catchment; surface water modelling for 

Anlaby Park; adoption of a draft Supplementary Planning Document on 

Sustainable Surface Water Management in New Developments and the preparation 

of a public consultation plan. 

The objectives, methodology, findings and recommendations of the SWMP were 

all agreed and supported by the partner team. 



1 Introduction 

1.1 Hull Surface Water Management Plan (SWMP) Background 
Hull City Council completed a Strategic Flood Risk Assessment (SFRA) in 

November 2007 which recommended that a Surface Water Management Plan 

(SWMP) be developed for Hull to more accurately define areas of the city at risk 

from surface water flooding and then develop surface water flooding solutions. In 

addition, the government’s response to the 2007 floods (The Pitt Review) 

recommended that SWMPs should be produced where the surface water risk is 

high. SWMPs are also referenced in PPS25: Development and Flood Risk as a tool 

to assess and manage surface water flood risk at a regional and local level. 

Hull City Council appointed Halcrow Group Limited as consultant for the Hull 

Surface Water Management and Aqua Green Project in April 2009. The Aqua 

Green element of the project links into Hull City Council Economic Development 

and Regeneration’s plan to create temporary flood water storage areas (where 

appropriate) which can also benefit the community through use as recreation areas. 

1.2 Report Format 
This report has been presented generally in accordance with the structure of 

DEFRA’s Surface Water Management Plan Guidance document (living draft 

version 0.1) and as illustrated in the pie chart within that document which is 

presented here in Appendix A. 

1.3 SWMP Objectives 
The objectives for this project were discussed by the project partner team 

(described later) and are presented in Appendix B. The objectives can be 

summarised as follows: 

1. To provide a properly conceived prioritised long-term strategy for the 

City of Hull’s surface water management; 

2. To provide a strategic overview of surface water flood risk across Hull 

City with detailed assessment of surface water risk at high risk locations, 

including identification and assessment of options and selection of 

preferred options for implementation; 
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3. To consider the use of Aqua Greens (dual use public recreation and 

potential surface water temporary storage areas) alongside other surface 

water drainage options; 

4. To consider other plans and initiatives in the City of Hull in order to 

produce a shortlist of surface water drainage options that are effective, 

achievable and cost beneficial to the management of surface water 

flooding in the city; 

5. To provide on the ground improvements to surface water flood risk 

reduction as soon as possible. 

1.4 Study Area 
The City of Hull lies on the north bank of the Humber Estuary and has a 

population of approximately 250,000 covering a geographical area of 7,150 

hectares. The city geographical boundary is defined in Figure 1.1 and the focus of 

this study was principally to protect property in this area from flooding. The Hull 

City area is mainly urban and is predominantly built on reclaimed marshland. 

Outside the boundary of Hull City Council and to the west of the city are the 

outlying settlements of Cottingham, Willerby and Kirk Ella which are situated on 

higher ground that drains eastwards towards the city. Hull City is bounded by land 

administered by the East Riding of Yorkshire Council. The boundary of the 

catchment considered potentially to contribute to surface water risk in the City of 

Hull is defined in Appendix G. Surface water and sewerage within the city is all 

pumped by means of three pumping stations located on the banks of the Humber 

estuary. In June 2007 Hull was severely flooded by surface water with over 9,000 

properties affected. Hull City Council believes the cost of the June 2007 flood 

damage to it’s own housing stock to be in the order of £41M (ref. Economic 

Development and Regeneration Project correspondence). The total cost of the 

2007 flood damage is obviously considerably higher than this figure. 
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Figure 1.1: Extent of Hull City Boundary 

Based upon Ordnance Survey data. Copyright No. 100023372 
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2 Background to Surface Water Flooding 
and Hull 

2.1 General 
Before looking in detail at the surface water flood risks in Hull it is important to 

understand the common causes of surface water flooding and the background to 

the catchment and drainage network in the city. 

2.2 Surface water flooding 
Surface water flooding occurs when intense rainfall, often of short duration, is 

unable to permeate into the ground or enter drainage systems quickly enough to 

prevent a build up of water to an extent that it ponds on or flows across the land 

surface. It can cause considerable problems in urban areas. Surface water flooding 

can also originate from rural areas where high intensity rainfall can run off fields 

without entering land drainage systems. Flooding from surface water is hazardous 

for reasons including its depth, velocity of flow and sometimes its sudden presence 

in areas with little warning. 

2.3 Flooding from sewers 
The vast majority of Hull city drains into a combined sewerage system where 

rainwater mixes with domestic and commercial sewage. Flooding can result when 

the sewer capacity is overwhelmed by high inflow, when the sewer becomes blocked 

or when the sewer is of inadequate capacity for the area it drains. 

To meet requirements set by the Office of Water Trading (OFWAT), water 

companies must record all instances of sewer flooding where flooding has resulted 

from rainfall events in a level of service ‘DG5 register’. In such circumstances 

internal flooding is defined as ‘flooding that enters a building or passes below a 

suspended floor’. External flooding is defined as ‘flooding which is not classed as 

internal’ for example flooding of gardens and other open spaces. Properties at risk 

are ‘properties that have suffered or are likely to suffer internal flooding from 

public foul, combined or surface water sewers due to the sewerage system being 

overloaded’. Water and Sewerage Companies in the UK set a minimum design 

standard for new sewers to ensure there is no flooding during rainfall events of 

3.3% annual probability of occurrence or higher. It should be noted that the DG5 

register only records flooding from sewers not all incidents of surface water 

flooding. 
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2.4 Hydrology 
The city of Hull lies within the Hull and Haltemprice catchment which 

encompasses both the city and areas to the west and north of the city which lie in 

land administered by the East Riding of Yorkshire Council. The catchment is 

detailed in Appendix G. 

The drawing in Appendix C details the trunk drainage infrastructure within the Hull 

and Haltemprice catchment. It should be noted that there are two drainage systems 

illustrated on this plan. The first represents a fluvial drainage system comprising the 

River Hull, the Beverley and Barnston Drain and Holderness Drain. The second 

system is the Hull and Haltemprice drainage system which provides the drainage 

infrastructure for the city and the eastern edges of the East Riding of Yorkshire. The 

drainage infrastructure is described further in Section 2.5. 

The fluvial drainage system drains rural areas to the north of the city in the River 

Hull valley and includes large areas of the Yorkshire Wolds in its headwaters as well 

as low lying agricultural areas in its middle and lower reaches. With the general 

exception of the Bransholme and Kingswood area, the fluvial drainage system does 

not provide any surface water drainage capacity for the city. 

2.5 Background to the Hull drainage system 
The Hull and Haltemprice drainage system is extensive and complex in nature 

comprising open watercourses which flow into culverted drains and sewers and 

form part of a combined sewerage system. Sewers close to the estuary date back to 

Victorian times and were larger than is usual so as to provide storage during high 

tides when sewage flows could not be discharged by gravity into the River Humber. 

Open drains used to run through the city but many of these were culverted 

historically because they constituted a threat to public health. The more recent 

development in the city (since the 1960’s and 1970’s) is served by conventional 

combined sewers. 

The Hull and Haltemprice sewerage system is connected by gravity to the Salt End 

Pumping Station via a 3.6m diameter transfer sewer routed adjacent to the estuary. 

(The transfer sewer is shown as ‘WWTW Transfer Tunnel’ in Appendix A). Salt 

End Pumping Station lifts flows to the city’s waste water treatment works. In the 

event of vey high rainfall, diluted sewage flows in excess of the Salt End Pumping 

station capacity are screened and discharged into the estuary by means of an 

overflow at Salt End and two pumping stations at East and West Hull. East Hull 

pumping station also lifts fluvial flows from Holderness Drain in the event of high 

water levels in the estuary. 
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It should be noted that the Bransholme and Kingswood area are served by their 

own surface water drainage system terminating at the Bransholme pumping station 

which discharges collected water directly into the River Hull. There is also a storage 

lagoon at Bransholme providing attenuation of surface water during high river 

flows. Sewage from Bransholme and Kingswood drains into the Hull and 

Haltemprice drainage system. 

In general Hull City Council are responsible for road gullies up to their connection 

into the conveyance system (described in Section 5.2.2). Responsibility for open 

drains in the Hull and Haltemprice drainage system varies depending on the 

watercourse and includes Hull City Council, East Riding of Yorkshire Council, the 

Environment Agency and in some cases riparian owners. Culverted watercourses 

are under riparian ownership. Responsibility for the sewer network and operation 

of the pumping stations (West Hull, East Hull, Salt End and Bransholme) rests 

with Yorkshire Water although Yorkshire Water have an agreement with the 

Environment Agency to cover the operation of the fluvial section of the pumping 

station at East Hull. 

The water companies in England and Wales aim to provide new drainage systems 

with capacity to cope with rainfall events of up to a 3.3% annual probability of 

occurrence (1 in 30 years) whilst highway drainage inlets may be designed to deal 

with rainfall ranging from between 5% and 20% probability of occurrence (1 in 5 

to 1 in 20 year events) for new systems. 

2.6 Geology and soils 
The city of Hull is underlain by a layer of permeable chalk which forms an aquifer. 

To the north and west of the city, Yorkshire Water extract water from this aquifer 

at a number of locations to provide drinking water to customers in the East Riding 

of Yorkshire. 

On commencement of the SWMP, concerns had been expressed that some of the 

surface water flooding experienced in the city in 2007 could have been prolonged 

and complicated by flows of ground water from this aquifer. This possibility was 

investigated as part of the study through discussions with a hydrogeology specialist 

at the Environment Agency and it has been discounted on the basis that the chalk 

beneath the urban development is overlain by a layer of clay sufficiently thick to 

prevent any outflow. In addition no artesian pressures are in evidence in the area. 

Cessation of water extraction by Yorkshire Water is not expected to change this 

situation and any water would be expected to emerge as springs to the north and 

west of the city in the Wolds. 
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The presence of the extraction points means that there are a number of ground 

water source protection zones in and around the city. 

2.7 History of surface water flooding 
A number of sources have been reviewed to establish the history of surface water 

flooding within the city of Hull and these are listed below: 

1. Hull City Council Strategic Flood Risk Assessment (SFRA), 2008; 

2. Hull & Coastal Streams Catchment Flood Management Plan (CFMP), 

2008; 

3. Yorkshire Water DG5 register extracts (August 2009); 

4. Local media reports; and 

5. Partner anecdotal evidence and local knowledge. 

Prior to June 2007 the City of Hull had recorded only isolated incidents of local 

flooding and was not considered to be at high risk from surface water flooding. A 

review of Yorkshire Water DG5 data corroborates this assessment. This data 

shows that there are 31 properties within the study area that have previously 

flooded internally and remain at risk of flooding due to sewers that are overloaded 

during certain rainfall events. A further 32 locations within the study area have 

previously flooded externally and remain at risk of flooding. A review of the SFRA 

for Hull indicated only minor surface water flooding events (excluding 2007) at 

known locations, including Bransholme, Cottingham and Anlaby. Both Cottingham 

and Anlaby are outside of the study area. 

In June 2007 Hull experienced high volumes of rainfall, with the wettest month 

recorded in Yorkshire since 1882 according to Environment Agency records with 

over 250mm of rainfall being recorded. Over 70mm of rain fell on the 15 June 

with further precipitation over the following days culminating on the 25 June 

when over 105mm of rain fell. As a result a major emergency incident plan was 

put into force. 

The 25 June event was both heavy and prolonged; whilst there is still debate into 

the exact return period it has been estimated to be in the region of 150 year event 

(source: OFWAT Expert Opinion, Hull Flooding June 2007) This rainfall fell onto 

ground that was heavily saturated following the sustained rainfall of previous days. 

These worst case conditions resulted in severe flooding, city wide disruption with 

damage to over 1300 businesses and over 8600 residential properties and most 

severe the loss of one life according to the report on the June 2007 floods by the 

Internal Review Board. Data on flooded roads and businesses were collected by 

Hull City Council and is presented in the Figure in Appendix D. The figure 
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indicates flooded roads and schools/businesses affected but does not show water 

that was standing in parks, fields and large gardens. The Environment Agency 

produced a map of flooding based on aerial photography which is also presented in 

Appendix D. 
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3 Preparation 

3.1 General 
In line with the SWMP guidance, the objectives of the preparation stage of the 

surface water management process are to establish partnerships, collate 

information and select the approach for surface water flood risk and options 

appraisal. 

3.2 Establishing partnerships 
Prior to commencement of the SWMP, Hull City Council had formed a 

partnership group as part of the Aqua Greens project. In line with 

recommendations of the SWMP Guidance this partnership continued throughout 

the development of the SWMP and comprised: 

1. Hull City Council Economic Development and Regeneration*; 

2. Hull City Council Development and Design Group* (with highways and 

drainage responsibilities); 

3. Hull City Council Gateway (with responsibility for housing and housing 

development); 

4. The Environment Agency*; 

5. Yorkshire Water Services Limited*; 

6. University of Hull* (who led an independent review of flooding in 2007); 

7. East Riding of Yorkshire Council* (The city’s neighbouring local 

authority who share the catchment); 

8. Yorkshire Forward (the regional development agency); and 

9. The Government Office. 

Hull City Council Economic Development and Regeneration who oversaw 

development of the surface water management plan were keen that monthly 

meetings were held and that these were attended by a representative of each of the 

key partners. The essential partners are identified with an asterisk in the above list. 

The purpose of the partner meetings was to discuss information needs, provide the 

opportunity to comment both on progress made and on the approach to be 

adopted in subsequent stages, and to discuss and comment at key stages of the plan 

development. The ultimate objective of this process was to produce a surface water 

management plan that was realistic, practical and that was acceptable to all parties 

who would be involved in its implementation. In addition to the project 
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partnership, the project was supported by executive level coordination between a 

number of the essential partner organisations. 

A formal engagement plan for the partner team was not formally developed but 

was discussed. The objectives (as summarised in Section 1.3) were agreed and are 

recorded in Appendix B. 

3.3 Public consultation 
Whilst the project partners acknowledged that public consultation is a vital part of 

any project development process it was not considered appropriate to engage with 

members of the public until the surface water risks were properly understood, root 

causes had been identified and feasible options developed. 

Communications with the public before the surface water flood risks were properly 

defined and understood could have an unjustified negative impact on the city and 

its future development. Meaningful debate can be held once feasible surface water 

flood risk reduction options are identified as these options can form the basis of 

such discussions. Until possible options have been identified, discussions would 

focus on what has happened rather on what action can be taken to reduce flood 

risks in the future. 

It was agreed that informed consultation would take place on the basis of feasible 

options following the preparation of a formal consultation plan. 

3.4 Collating information 
Information gathering fell into three main categories namely physical information 

on the drainage infrastructure and flooding history, partner experience of the 

drainage and flooding in Hull and views on the SWMP process, and background 

documentation. 

Physical evidence provided on the drainage infrastructure is listed below: 

1. Yorkshire Water provided details of the main drainage network (375mm 

diameter and above), pumping station capacities and information relating 

to the level of service DG5 reporting process for the city. 

2. The Environment Agency provided LiDAR information, rain gauge data, 

river network details, and a number of background reports 

3. Hull City Council provided details on the 2007 flood extents, drainage 

network below 375mm diameter, details of areas in which work was 

being undertaken on the open drain network, land ownership 

information, possible aqua green locations and an extensive list of 

background reports 
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4. Surface water model of the city prepared for Hull City Council by 

Halcrow as part of the SFRA. 

In addition to the monthly partner meetings, individual meetings were also held 

with a number of parties to develop a broader understanding of flooding history 

and the drainage systems in Hull. These parties included: 

1. Economic Development and Regeneration – Hull City Council 

2. Land Drainage – East Riding of Yorkshire Council 

3. Asset Management and Strategy - Yorkshire Water 

4. Land Drainage – Hull City Council 

5. Development Control - Environment Agency 

6. Asset Management - Environment Agency 

7. Hydrogeology Specialist – Environment Agency 

3.5 Constraints to SWMP production 

During the collating information stage of the process a number of constraints and 

partner concerns were identified which needed consideration in the development of 

the SWMP. These included: 

1. SWMP findings were to be agreed by all partners 

2. The complexity of the Hull and Haltemprice catchment and it’s drainage 

system 

3. The limited timescale and budget of the SWMP and the constraint this 

placed on fully representing the foul and surface water drainage 

infrastructure and flow regime; 

4. Findings of the SWMP were to be scientifically based so that they could 

be used to justify future investment; 

5. Some of the flooding problems were thought to lie in the capacity of 

culvert inlets where open drains enter the surface water system; 

6. Different partner organisations were working to different standards of 

protection from flooding for example highway authorities 5 to 20% 

annual probability; water companies 3.3% annual probability; Association 

of British Insurers 1.3% and Fluvial projects typically 1 to 0.5% annual 

probability. 

7. Information sharing agreements; 

8. Information Licensing restrictions, particularly the National Property 

Dataset; 

9. Time commitments. 
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3.6 Map Information 
Key information was collated to develop an understanding of the flood risk  

situation in Hull and the provisions in place to deal with this included: 

1. Year 2007 flood extents as provided by Hull City Council 

2. SFRA modelling results 

3. Hull and Haltemprice catchment details 

4. Yorkshire Water’s drainage network 

A review of this data highlighted the actual and theoretical high risk surface water 

flooding areas and enabled an appreciation of the complexity of the existing 

drainage infrastructure. 

It was not considered necessary to bring all of this information together into one 

plan. 

3.7 Select Approach 
The SWMP guidance defines selecting an approach as the development of a 

modelling method to predict high risk areas of surface water flooding. 

The key component in surface water flood risk definition is hydraulic modelling 

which aims to create a mathematical representation of how surface water will 

behave within the catchment; in this case the Hull and Haltemprice catchment. 

The constraints identified in Section 3.5 were considered in developing this 

approach. 

Any model would have to include details of rainfall characteristics, catchment 

topography and behaviour of the drainage system. Partners were concerned about 

the complexity of the catchment and drainage system, the time and budget available 

for the SWMP and that any results were scientifically based. Of particular concern 

was how the drainage infrastructure could be represented in the model. 

Partner discussions with Yorkshire Water (YW) indicated that the company had 

plans to create a drainage infrastructure model for the city as part of the company’s 

AMP 5 investment programme. YW expected however that the infrastructure 

modelling process would take more than one year and would need a large budget. 

The Hull SWMP project had a limited budget and a duration of five months. 

Halcrow had previously created a surface water model for the SFRA and prior to 

commencement of the SWMP had considered representing key drainage 

infrastructure within this. Drainage infrastructure in the SFRA model had been 

represented by assuming that it removed 4.6/mm of rainfall per hour from falling 
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onto the urban catchment. Rainfall in excess was modelled as surface water and its 

effect’s determined. 

Information provided by Yorkshire Water on their trunk sewer network and 

pumping station capacities and more recent LiDAR information provided by the 

Environment Agency meant that the SFRA model could be updated to more 

accurately reflect the zones of influence of particular drainage infrastructure and 

that the allowance for rainfall removal could also be updated. More detailed 

representation of the drainage system (for example of trunk sewers and water 

courses) in the model was discounted on the basis that SWMP time and budget 

constraints severely restricted the degree to which the system could be 

represented. In future this information will be available from the Yorkshire 

Water’s drainage model. It was decided that the SFRA model assumptions 

regarding representation of the drainage network would be updated to reflect the 

latest available information. 

The proposed modelling approach was presented to the partners in a technical 

note which was subsequently discussed and modified as necessary. A copy of the 

final technical note is given in Appendix E. Partners recommended analysis that 

included low frequency events to identify problem areas and onset locations for 

surface water flooding whilst acknowledging that it would not be possible to fully 

defend against extreme events. General details of the modelling approach are 

detailed below. 

The design event rainfall data was derived using Microdrainage Pluvious software 

and Flood Studies Report (FSR) methodology. Rainfall boundaries were generated 

for storm durations of 50%, 20%, 10%, 4%, 2%, 1%, 1% including an allowance 

for climate change and 0.5% floods with the critical storm duration of 24 hrs being 

selected. 

Climate change predictions were based on a 30% increase in peak rainfall intensity 

for a 100 year design life for residential properties in accordance with 

recommendations made in PPS25. 

The rainfall data was input into a TUFLOW model using rainfall boundaries where 

independent rainfall boundaries were set up for the urban and rural areas. This 

approach enabled the urban rainfall boundary to be modified to take into account 

the underlying drainage capacity of the Hull and Haltemprice drainage system. A 

separate rainfall boundary was also applied to the area served by the independent 

pumping station at Bransholme. Rainfall boundary data was set up for each flood 

event modelled. 
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For all urban areas, excluding Bransholme, an overall pumping capacity up to 

72m3/s was calculated by combining the pumping capacities of the three pumping 

stations which serve the city of Hull. For the area served by Bransholme pumping 

station Yorkshire Water data indicates that the pumping station had a capacity up 

to 5.4m3/s. 

Rural runoff was calculated using the flood estimation handbook (FEH). Rainfall 

profiles were factored by a probable runoff value of 26%, thereby simulating 

infiltration of 74% of the initial rainfall. 

The available storage in the pipes at the beginning of the storm was calculated 

based on network information received from Yorkshire Water. For the purpose of 

the modelling it was assumed that 80% of the network was empty although a 

sensitivity check was undertaken to test the effect of the network being full and 

providing no storage. The difference was not found to be significant and results are 

presented in Appendix F. 

A figure in Appendix G shows the catchment area modelled encompassing both 

urban and rural areas. Ground levels were provided from LiDAR with urban and 

rural areas delimited using Ordnance Survey (OS) data with appropriate roughness 

values assigned. These roughness values were tested for sensitivity to determine 

optimum model simulation. Housing density was determined using both OS data 

and satellite imagery. 

A number of flow constrictions were manually added to the model to represent 

roads and embankments which may not have been identified by LiDAR or the 

model geometry. 

In addition to design flood events, the June 2007 flood event was simulated for 

model calibration purposes. Results from this simulation showed general 

agreement with observations of surface water flooding collated by Hull City 

Council. 

While the surface water model does provide an accurate representation of surface 

water flooding across the city of Hull the approach adopted meant that no 

representation was made of the conveyance capacity of the numerous natural and 

artificial watercourses present in the study area. The model assumed that all 

watercourses were unable to convey any flow. 

Key limitations of the modelling approach adopted may be summarised as follows: 
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1. The assumption with regard to the Hull and Haltemprice drainage 

system is simplified and no local restrictions in the system were 

identified. 

2. The resolution of a model over this area can only be low due to the 

processing power of computers meaning that it may not accurately 

represent flow paths narrower than 25m. Flow routes around roads may 

not be represented and this approach can sometimes over-estimate flood 

depths. 

3. Natural and artificial watercourses flowing into the Hull and Haltemprice  

drainage system were excluded. 

To overcome the first limitation, modelling results were presented to the partner 

team at key points of the process to identify differences between theoretical results 

and actual experiences (this is described in more detail in Section 4.2.1). The 

assumption was also made that any local drainage system issues which could be 

overcome through maintenance or which result from conveyance system capacities 

below a 3.3% annual probability would be identified as part of the DG5 reporting 

process and addressed by Yorkshire Water. This approach would be effective at 

ensuring a 3.3% annual probability level of service except where overland flows 

contribute significantly to urban surface water. 

Low model resolution allowed the whole city to be represented and potential 

surface water flooding problem areas identified. However a 25m model grid 

prevents precise flow paths being located, information which is important in 

diagnosing the causes of flooding and which needs to be understood prior to 

formulating appropriate solutions. High resolution models using a closer 5m grid 

permit more detailed modelling over smaller areas providing more detailed results 

necessary for diagnosis. 

Two high risk areas were selected from the low resolution model results. High 

resolution models were then run for these two areas and the results presented to 

the partners accompanied by possible solutions. A definition of what constitutes 

high risk is described in the next chapter. 
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4 Risk Assessment 

4.1 General 
The risk assessment stage of the SWMP process aims to understand surface water 

flooding risk and then communicate this. 

4.2 Current and future flood risk 
4.2.1 Identification of High Risk Areas 

The Hull SFRA assessed fluvial, tidal and to a limited extent surface water flood 

risks and identified discrete high risk areas. As a consequence the project team 

agreed that the outputs from the SWMP should be used to update the SFRA plan 

producing a revised map detailing high flood risk areas. This approach was 

important to avoid the confusion that could arise through the use of different maps, 

to aid communication with the public and developers and to clearly influence 

planning and investment decisions. 

The areas considered most at risk from surface water flooding are listed below and 

are shown on the drawing in Appendix H: 

1. Anlaby Park; 

2. Derringham; 

3. Newland; 

4. Orchard Park; 

5. Bransholme; 

6. Sutton Ings. 

The low resolution model was run for the Hull and Haltemprice catchment for 

various rainfall events and this identified which of the six aforementioned areas are 

at greatest risk from surface water flooding. The results from the low resolution 

modelling are presented in Appendix J. Appendix F includes the SFRA flood map 

which has been updated to reflect the surface water flood risk areas determined by 

this study. 

The SWMP guidance document did not define what constitutes a high risk area. 

The results from the low resolution modelling were presented to the partners in 

tables and drawings and included details of depth of flooding, number of 

properties affected and indicative damages. This enabled the results of the 

modelling to be compared with partner’s experience on the ground. The indicative 

damages were derived from DEFRA’s ‘The Benefits of Flood and Coastal Risk 

Management: A Handbook of Assessment Techniques’ (also known as the 
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Multicoloured Manual) and assumed property types. Velocities of flow were not 

considered because the catchment is very flat and velocities would therefore be 

low. 

Depths of flooding were classified as follows: 

Definition Depth of Surface Water 

Low Risk of Flooding 0.15 to 0.30 metres 

Medium Risk of Flooding 0.30 to 0.60 metres 

High Risk of Flooding over 0.60 metres  

Table 4.1: Classification of surface water flood depth 

DOG No.D09L001 Rev 2 17 



The results are given in Table 4.2. 

1% Surface Water Flood event 

Area 

Properties 
within low 
(0.15m - 0.3m) 
depth of 
flooding 

Damage at approx 
median depth 

Properties 
within medium 
(0.3m - 0.6m) 
depth of 
flooding 

Damage at 
approx median 
depth 

Properties 
within high 
(>0.6m) depth 
of flooding 

Damage at 
approx median 
depth TOTAL 

Anlaby Park 570 £14,820,000 249 £7,221,000 20 £620,000 £22,661,000 

Orchard Park 1200 £31,200,000 390 £11,310,000 54 £1,674,000 £44,184,000 

Derringham 1180 £30,680,000 359 £10,411,000 49 £1,519,000 £42,610,000 

Bransholme 510 £13,260,000 125 £3,625,000 21 £651,000 £17,536,000 

Newlands 650 £16,900,000 140 £4,060,000 26 £806,000 £21,766,000 

Sutton Ings 380 £9,880,000 115 £3,335,000 11 £341,000 £13,556,000 

                
TOTALS 4490 £116,740,000 1378 £39,962,000 181 £5,611,000 £162,313,000  
Table 4.2: Flood depths, properties and approximate damages for flooded areas for 1% annual probability of occurrence 
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SWMP timescale and budget constraints restricted the high risk areas that could be 

looked at in more detail to two. The results from Table 4.2 were discussed by the 

partners in light of the technical and financial information presented and it was 

agreed by all partners that the two highest risk areas that should go forward for 

more detailed, high resolution study were: 

1. Derringham 

2. Orchard Park 

Whilst the partners agreed with the findings of the modelling work for the more 

extreme events it was noted that the extent of flooding and the number of 

properties affected by lesser events (below 4% annual probability of occurrence) did 

not correspond with flooding experience in the city. The model appeared to 

overestimate the extent of flooding for these lesser events. This was investigated by 

Halcrow. The initial model was previously run with critical storm duration of 6 

hours. Sensitivity tests showed that a 24 hour storm gave more representative of 

actual flooding at both low return periods without affecting the high return periods 

unduly and was therefore selected as the critical storm duration. 

4.2.2 Assessment of high risk areas 

High resolution models were set up for Derringham and Orchard Park. The high 

resolution model incorporated analysis of flows at shorter time intervals and closer 

grid dimensions allowing better representation of flow paths along streets and 

around buildings. Rural run-off entering the high resolution models was extracted 

from the low resolution model. The purpose of the high resolution modelling was 

to develop a better understanding of the flooding mechanisms to allow the 

development of flooding options. As with the low resolution modelling, a number 

of sensitivity tests were carried out on building and surface roughness and also on 

available storage in drainage network. The results of these tests can be found in the 

high resolution technical note in Appendix K. 

The results of the high resolution model, which indicate less flooding due to better 

land feature representation, were presented to the partners accompanied by a 

preliminary list of options to be investigated. 

4.2.3 Derringham 

The high resolution model for Derringham found that the main source of flooding 

in the area was from runoff from the west through Willerby. The runoff enters 

Springhead Park Golf Course from Wolferton Road, ponds behind Sand Dyke, and 

subsequently flows along Willerby Road into Derringham (as shown on Figure 
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4.2). The general direction of surface water flow both through Willerby and from 

the golf course is validated by anecdotal evidence from the 2007 flood event. Once 

onto Willerby Road surface water is then found to flow into numerous side streets 

off Willerby Road. The flow route was checked to ensure that it did not flow across 

any open watercourses which could have affected the results by checking on 

available plans and by a site visit. 

Figure 4.1: 1% flood extents within Derringham 
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Figure 4.2: Flood flow routes within Derringham 

Figure 4.1 shows that flood depths are greatest adjacent to County Road 

North/South and streets adjacent to Willerby Road. 

The modelling did not indicate any flows in the north of Derringham which did not 

match with partner's experience of the June 2007 event. An additional high 

resolution model was therefore built to study potential flooding around Setting 

Dyke and Willerby Carr Dyke. (The model was not able to account for any 

conveyance capacity in these Dykes). Most of the run-off towards Setting Dyke is 

from the west with the main flow route being drains and field ditches in the 

grounds of Haggs Farm, Haltemprice Farm and through to Willerby Carr Farm. 

The model shows ponding at Willerby Carr Farm (to the north west of 

Derringham) with approximate flood depths of up to 500mm. A proportion of the 

flood water flowed from Setting Dyke southwards. Upstream of the culvert 

entrance at Setting Dyke, there is out of bank flow towards the school. It is 

understood that the school has now been abandoned and the model did not 

indicate that residential property in the area would be affected. 

Figure 4.3 details the results of the North Derringham model which are also 

included in technical note in Appendix L. 
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Figure 4.3: 1% Flood extents adjacent to Setting Dyke  

(Refer to Figure 4.1 for key) 

The major flooding from Derringham emanates from the route passing through 

Willerby as described. 

4.2.4 Orchard Park 

The high resolution model for Orchard Park indicated that the main flow is runoff 

from the western edges of the urban area adjacent to the police training centre. 

Figure 4.5 shows flow enters through Orchard Park Road, Danepark Road and 

along Hall Road and the adjacent streets that branch off from Hall Road. There 

appears to be some flow which leaves the urban area to the north along Thorepark 

Road. 

The Orchard Park model shows extensive flooding in the north-west of the urban 

area with streets adjacent to Hall Road being badly affected. The area around the 

police training centre also appears to be susceptible to deep flooding due to runoff 

from the surrounding areas. 
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Figure 4.4: 1% Flood extents within Orchard Park 

Figure 4.5: 1% Flood flow routes within Orchard Park 
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There is some concern regarding the results of the modelling for Orchard Park 

which would warrant further investigation. Before flows reach Orchard Park they 

have to cross Mill Beck and Creyke Beck to the west. Flows also cross Cottingham 

Drain but this is in culvert in the location of the crossing. The accuracy of the 

model in this location will depend upon the actual behaviour of the drainage 

network. If the drainage network is full and is unable to carry any more water then 

flows will pass straight over Mill and Creyke Becks towards Orchard Park as the 

model indicates. If the drainage system has capacity then the some or all of the flow 

will be intercepted and overland flow into Orchard Park reduced. 

Flood extents for all return periods from high resolution modelling in both 

Derringham and Orchard Park can be found in Appendix M. 

4.3 Communicating flood risk 
Flood risk findings were shared with the partners as part of the risk assessment 

process. The partners decided that it was inappropriate to communicate flood 

risk to the public at this stage until options for alleviation and a formal 

communications plan had been developed. This matter was covered in Section 

3.3 of this report. 
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5 Options 

5.1 General 
The options stage of the SWMP process aims to identify options, assess the 

options and plan drainage for new development. 

This section will focus primarily on the identification and assessment of options to 

reduce surface water flooding problems in the high risk areas of Derringham and 

Orchard Park. The planning of drainage for new development is covered in a draft 

supplementary planning document (presented in Appendix N and summarised in 

Section 5.10) and observations on the other principle areas affected by June 2007 

floods are also included. 

5.2 Drainage Overview 
There are three or sometimes four components to a typical drainage system namely 

collection, conveyance, storage (in some cases) and disposal. 

5.2.1 Collection 

Surface water in an urban area is usually collected via roof drainage on buildings or 

by gullies in the highway. It is imperative that gullies are maintained in a clean 

condition to ensure optimum performance. 

5.2.2 Conveyance 

The method of conveyance usually takes the form of a piped network. In some 

cases this may be a short length of pipe discharging to a water course but in the 

case of the City of Hull almost all surface water enters the Hull and Haltemprice 

drainage system and is routed towards the pumping stations and trunk transfer 

sewer adjacent to the Humber Estuary. The only major exception to this is the 

Kingswood and Bransholme areas which drain towards Bransholme pumping 

station from where it is pumped into the River Hull. 

In the United Kingdom, conveyance systems may be described as being either 

separate or combined. In separate systems surface water and foul sewage run in 

different networks and are not mixed. In combined systems both surface water and 

foul sewage run in the same pipes with the result that all flows are contaminated. In 

Hull, as in most UK cities, the sewerage network is combined with the major 

exception in Bransholme and Kingswood. 
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 5.2.3 Storage 

In some cases surface water may be stored for short periods (of several hours) and 

then slowly released into a conveyance or disposal system after peak flows in those 

systems have passed. The purpose of this is to prevent overloading of drainage 

infrastructure at times of heavy demand thus reducing the risk of inundating that 

infrastructure and of flooding. This is the principle behind the use of swales and 

balancing ponds often suggested as options under sustainable development systems 

(SUDS). In the Hull and Haltemprice catchment some storage capacity is provided 

within the old Victorian sewerage network where sewers were oversized to store 

sewage at times of high tides. In addition a lagoon has been provided at the 

Bransholme pumping station to allow flows to be stored until such time as water 

levels in the River Hull have dropped and are able to receive Bransholme and 

Kingswood surface water flows. 

 5.2.4 Disposal 

Drainage disposal is the means by which collected water and sewage is returned 

back to the environment. In low flow conditions in Hull, all sewage (foul and 

surface water) is pumped from Salt End pumping station to the waste water 

treatment works. In higher flow conditions East and West Hull pumping stations 

also operate and diluted sewage is screened and lifted into the Humber Estuary. 

5.3 Approaches to Drainage Improvements 
With reference to the drainage components described in Section 5.2 there are a 

number of drainage improvement measures which may be adopted in an 

established urban area as described below. 

 5.3.1 Preventing Increases in Runoff 

Preventing increases in surface water runoff can be facilitated by restricting the 

paving over of gardens or by the use of permeable surfaces if paving is installed. 

This method however will only limit the amount of increase in surface water runoff 

above present day levels and is not a measure to reduce flood risk. 

Any significant areas of new hardstanding within the City of Hull are now 

conditioned to be permeable to reduce flows into the Hull and Haltemprice 

drainage system. 

The introduction of water butts to intercept roof drainage can be considered and 

these would be most effective in reducing drainage system loading if they were to 

overflow to gardens rather than into the existing conveyance system. The provision 

of funding for retrofitting of this option in an existing community would need to be 

investigated. 
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5.3.2 Increasing the Number of Road Gullies 

Increasing the number of road gullies could improve the speed with which surface 

water enters the conveyance system. Due to limitations on the modelling 

undertaken as part of the SWMP it is not possible to determine whether this would 

have a beneficial effect on surface water flooding in Hull. Flooding capacity issues 

are already investigated by Yorkshire Water in order to provide a system with a 

minimum 3.3% annual probability of exceedence. The relatively low number of 

entries in Yorkshire Water’s DG5 register (a total of 63 entries as of August 2009, 

including 25 entries that flooded during events with less than a 3.3% chance of 

exceedence) does not indicate that the City of Hull has many problems in this 

regard. 

Increasing the number of gullies in an established urban area would involve 

extensive disruption through the installation of the gully pots and connection 

pipework. It is likely that road resurfacing would be required on completion of such 

works. The success of this option would be dependent on their being sufficient 

capacity in the conveyance system to cope with the additional inflows. 

5.3.3 Strategic Interception of Surface Water 

High resolution modelling undertaken as part of this study will enable flood 

routing to determine where interception of surface water and removal from the 

system would have the most beneficial effect. This would involve the use of a large 

capacity collection system such as a cross road interceptor which would take water 

off the highway (see Photo 5.1). To have maximum benefit on the existing drainage 

infrastructure the large capacity interceptor would need to be used in conjunction 

with a storage area. The interceptor would need to be located so that it only 

collected clean surface water, not contaminated sewage that can emanate from an 

overloaded drainage system. In addition to the interceptor, a pipe connection 

would be needed to an area where the collected water could be safely stored. Issues 

around storage areas are covered in Section 5.3.5. 
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Photo 5.1: Cross road interceptor in highway 

 5.3.4 Formalisation of Overland Flow Routes 

In some situations natural overland flow paths may be identified and one possible 

surface water flood risk reduction option is to formalise these flow routes using 

methods including the introduction of gradients along roads and increasing kerb 

heights to encourage surface water to remain in these corridors so minimising 

damage to surrounding property. 

 5.3.5 Storage areas and balance ponds 

The purpose of storage areas and balancing ponds is to delay the entry of surface 

water into the conveyance system releasing stored water slowly once storms have 

passed. Due to the nature of hydraulics, storage areas need to be formed below the 

level at which the water is collected i.e. road level. The presence of land suitable for 

such balance ponds and storage areas in existing urban areas is often scarce and 

they can pose a public health risk. Water collected will need to be free of sewage 

contamination. Stored water may also need to be pumped out into the existing 

drainage system. 

At the start of the SWMP the partner team identified a number of possible 

locations which could be used for aqua greens (storage or balance pond areas with 

public amenity facilities) and which should be protected from development until 

discounted as not suitable for water storage. The time and budget for the SWMP 

did not permit a detailed analysis of each of these locations. The locations are 

given in Appendix P. 

 5.3.6 Soakaways and filter drains 

Soakaways and filter drains aim to store water below ground in either perforated 

chambers for soakaways or perforated pipe with a stone bedding in the case of 
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filter drains. Stored water is then disposed of by infiltration into surrounding soils. 

The key to successful performance of this type of system is the permeability of the 

soil which governs the speed at which water drains away ready for the next event. 

The use of this type of system in Hull will be restricted by the presence of clays in 

the upper strata which is practically impermeable. Retrofitting of such systems in 

established areas would be disruptive and consequentially expensive due to the 

presence of existing services and reinstatement needs. 

5.3.7 Increase conveyance capacity 

Drainage performance in an area may also be improved by increasing its capacity. It 

is understood that Yorkshire Water has several programmes to review the 

conveyance capacities in the Hull and Haltemprice catchment. 

At the time of writing this report Yorkshire Water had installed a number of 

monitors at key locations within the drainage network to better inform decisions 

on when pumping at the three stations should commence or be increased. This 

system will allow for the performance of the existing drainage system to be 

optimised. 

As part of Yorkshire Water’s AMP 5 investment programme due to commence in 

April 2010, there are plans to create a detailed model of the complete Hull and 

Haltemprice drainage system and catchment. At the time of writing this report it 

was not clear when modelling work will commence within the five year AMP 

period. It is reasonable to assume that benefits from this work will not be realised 

for several years. 

The water companies are obliged to report all problems with drainage systems 

where flooding occurs and this is an ongoing programme of investigation and 

improvement as necessary. 

5.3.8 Overland Flow Interception for Derringham and Orchard Park 

The SWMP process has identified that Derringham and Orchard Park are areas at 

high risk of surface water flooding in Hull. 

High resolution models have been created for both areas and in both cases the 

source of the problem has been found to be overland flow entering the urban area. 

The measures described in 5.3 principally deal with how surface water flooding can 

be reduced from within an urban area. The SWMP modelling work suggests that 

preventing overland flow entering the urban area could have significant benefits. 
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5.4 Overland Flow Interception for Derringham and Orchard Park 
To confirm the finding that overland flows contributed significantly to the 

flooding problems in Derringham and Orchard Park the hydraulic models were 

run assuming a hydraulic barrier to the west of each development. The results are 

presented in the Figures 5.3 and 5.5. Figures 5.2 and 5.4 are given for comparison 

purposes. 
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Figure 5.2: 1% flood extents within Derringham 

Figure 5.3: 1% flood extents within Derringham – rural runoff excluded 
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Figure 5.4: 1% flood extents within Orchard Park 

Figure 5.5: 1% flood extents within Orchard Park – rural runoff excluded 

It can be seen that exclusion of overland flows from these urban areas offers a 

substantial reduction in the risk of surface water flooding within them. For this 

reason surface water drainage options for both areas concentrated on the early 

interception of overland flow before it enters the urban area. If surface water can 
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be intercepted by means of embankments or walls it can be temporarily held where 

it’s impact on people and business is minimal, using simple structures that can be 

economically constructed and where excavation quantities are likely to be small 

(when compared with internal urban area storage where storage will be below 

ground level). The interception of rural flow before it enters the urban area will also 

reduce the risk of flooding from the existing drainage network and the associated 

contamination hazard. The areas proposed as storage areas also have the potential to 

satisfy Hull City Council Economic Development and Regeneration’s desire to 

provide the local communities with additional recreational areas (Aqua Greens). The 

approach of overland flow storage areas was presented to the partners and there was 

general agreement that this approach would be acceptable. 

At the time of writing this SWMP, the East Riding of Yorkshire Council (ERYC) 

announced that applications had been submitted for funding for a number of 

surface water drainage projects, some of which could also have potential to reduce 

the extent of flooding in Hull. The purpose of the Hull SWMP is to identify the 

measures that can be taken to protect property from surface water flooding within 

Hull City Council’s administrative boundary. The impact of ERYC proposals will 

need to be considered as part of any surface water project implementation plan for 

the city. 

Irrespective of the nature and extent of the ERYC surface water drainage projects 

it remains evident that the storage of water outside of the city at Orchard Park and 

Derringham would reduce the risk of flooding. 

Hull City Council, the Environment Agency and DEFRA have committed funding 

(£770,000 over two years) to construct aqua greens and it is essential to proceed 

with this work now rather than delaying implementation by waiting for decisions 

on funding applications which are not guaranteed to be successful. Delivery of an 

aqua green is crucial not only to demonstrate commitment to tackling surface water 

flood risk in the city but also to provide a physical project which can then be 

assessed and analysed to determine its costs and benefits and to inform future 

investment decisions. 

5.5 SWMP Options for Derringham 
Two surface water management options were considered for Derringham. 

 5.5.1 Derringham Option 1 – Storage area to West of A164 

This option includes for the provision of an embankment along the western edge 

of the A164 in order to intercept overland flow before entering the urban area of 

Willerby in the East Riding. The embankment would be situated between West Ella 

in the south and the Eppleworth roundabout in the north and stored flows 
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To Derringham 

would be slowly released into the Hull and Haltemprice catchment following a 

storm event (refer to Figure 5.6). 

Figure 5.6: Approximate location of option 1 embankment 

As expected this option increases the flooded depth on the western side of the 

A164, particularly around the Ramada Hotel in Willerby. This option also reduces 

the extent of the flooded area in Willerby and but only marginally in Derringham as 

shown in Figure 5.7. This option has therefore been discounted. 
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Figure 5.7: 1% flood extents within Derringham – with Option 1 

5.5.2 Derringham Option 2 – Storage area at Springhead Golf Course 

Derringham Option 2 provides for an embankment immediately to the west of 

Sands Dyke and continuing along the southern boundary of the golf course. 

 

Figure 5.7: Approximate location of Option 2 embankment 

This option would utilise Springhead golf course as a storage area intercepting the 

major flow paths from Willerby across the golf course. After a storm event had 
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passed stored flows would be released into Sands Dyke which runs through the 

golf course. This option has a marked influence on flood extent and flooding 

depths within Derringham (refer to Figure 5.8) with extent, depth and resultant 

damages being reduced significantly. 

 
Figure 5.8: 1% flood extents within Derringham with Option 2 

The properties still affected by flooding with the inclusion of the golf course 

storage area appear to be flooded from two sources: 

a) rainfall on the urban area which ponds in low spots; and 

b) smaller flow path along Willerby Road. 

It is recommended that option 2 consider for the interception of flows along 

Willerby Road and diverting them to an appropriate storage area. 

Table 5.1 shows flood damages with and without the golf course flood storage area 

and capital costs. Capital costs and cost benefit ratios for the 4%, 2%, 1% and 

0.5% APE are presented in Table 5.2. Details of how the costs have been derived 

are presented in Appendix Q. 

Preliminary cost estimates for the flood storage areas have been prepared assuming 

the construction of embankments as required along sides of the available open 

space. The embankment height has been determined from LiDAR levels and 

model outputs plus an allowance for freeboard. The embankments assume a 1.5m 

crest width and sides sloping at 1 in 4. 
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Earthworks form a large proportion of the costs. The cost estimate has therefore 

been built around these quantities with lump sum allowances for other items, for 

example, fencing and landowner/user compensation. Local cost rates from 

ongoing flood alleviation schemes around Hull have been used. An Optimism Bias 

factor of 60% on the capital cost has been included following the HM Treasury 

Green Book guidance. 

  4% APE 2% APE 1.3% APE 1% APE 1cc% APE 0.5% APE 

Damages 
without 
golf course 
storage 4,120,000 6,380,000 8,940,000 10,620,000 19,390,000 14,570,000 

Damages 
with golf 
course 
storage 232,000 372,000 530,000 730,000 2,200,000 1,360,000 

Preliminar
y Capital 
Costs of 
Option 2 11,690,000 13,521,000 13,803,000 16,048,000 22,580,000 18,563,000 

 
Table 5.1: Flood damages within Derringham 

* APE – Annual probability of exceedence, cc – climate change 

Table 5.2 provides a summary of discounted costs and benefits of the option for a 

range of standards with net present values (NPV’s) and benefit cost ratios (BCR’s). 

  
Do Nothing 

Storage 4%  
APE 

Storage 2%  
APE 

Storage 1%  
APE 

Storage  
0.5% APE 

PV costs PVc (incl. 
Optimism Bias) 0 11,851,284 13,683,906 16,210,911 18,725,720 

PV damage PVd 21,323,208 9,300,447 6,915,736 3,096,974 1,234,546 

PV damage avoided 0 12,022,760 14,407,472 18,226,234 20,088,661 

PV assets Pva           
PV asset protection  
benefits 

          

Total PV benefits PVb 0 12,022,760 14,407,472 18,226,234 20,088,661 

Net Present Value NPV 0 171,476 723,566 2,015,323 1,362,942 

Average benefit/cost ratio   1.01 1.05 1.12 1.07 
 
Table 5.2: Cost benefit ratio for Option 2 within Derringham 
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−−−− Cottingham Drain 
Proposed embankment 

It can be seen that there would appear that there is benefit in investigating the 

feasibility of proceeding with Option 2 (Golf course storage area) at Derringham. 

5.6 SWMP Option for Orchard Park 
Surface water has been identified as entering Orchard Park from the west. There is 

only one feasible option to prevent this for Orchard Park which is the provision of 

a storage area to its western boundary. 

 5.6.1 Orchard Park Option1– Storage area adjacent to Police Training Centre 

This area had already been identified by Hull City Council as a possible Aqua 

Green flood storage area. The option comprises an embankment parallel to 

Courtland Road and Dane Park Road to intercept flows into the urban area. This 

is presented in Figure 5.9 below. Stored flows would be slowly released into 

Cottingham drain which runs in culvert along the western boundary of Orchard 

Park. 

Figure 5.9: Approximate location of option 1 embankment 

This option had a marked influence on flood extent and depth within Orchard Park 

with both being drastically reduced as shown in Figure 5.10. The properties still 

affected by flooding appear to be flooded by rainfall on the urban area ponding at 

low points. 
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Figure 5.10: 1% flood extent with option 1 – Aqua Green 

Table 5.3 shows flood damages with and without the Aqua Green storage area and 

capital costs for option 1. Capital costs and cost benefit ratios for the 4%, 2%, 1% 

and 0.5% APE are provided in Table 5.4. 

Costs and benefits at Orchard Park have been arrived at in the same manner as at 

Derringham as described in Section 5.5.2. 
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  4% APE 2% APE 1.3% APE 1% APE 1cc% APE 0.5% APE 

Damages 
without 
Aqua 
Green 
storage 6,690,000 9,450,000 10,850,000 12,270,000 19,650,000 15,760,000 

Damages 
with Aqua 
Green 
storage 1,000,000 1,620,000 2,100,000 2,660,000 8,800,000 5,350,000 

Preliminar
y Capital 
Costs of 
Option 1 6,085,000 6,796,000 8,013,000 8,744,000 12,206,000 10,205,000 

 

Table 5.3: Flood damages within Orchard Park * 

APE – Annual probability of exceedence, cc – climate change 

  
Do Nothing 

Storage 4%  
APE 

Storage 2%  
APE 

Storage 1%  
APE 

Storage  
0.5% APE 

PV costs PVc (incl. 
Optimism Bias) 0 6,247,413 6,958,416 8,906,184 10,367,359 

PV damage PVd 32,343,439 13,000,235 9,887,380 8,079,229 4,978,130 

PV damage avoided 0 19,343,204 22,456,059 24,264,210 27,365,309 

PV assets Pva           
PV asset protection  
benefits 

          

Total PV benefits PVb 0 19,343,204 22,456,059 24,264,210 27,365,309 

Net Present Value NPV 0 13,095,791 15,497,643 15,358,026 16,997,950 

Average benefit/cost ratio   3.10 3.23 2.72 2.64 
 

Table 5.4: Cost benefit ratio within Orchard Park 

It can be seen that there would appear to be some benefit in investigating the 

feasibility of proceeding with Option 1 for Orchard Park. 

5.7 Option Constraints 
It should be noted that in identification of the options no account has been taken of 

possible engineering and consultation constraints in bringing options into being. 

These represent a risk to successful project implementation until they are reviewed 

and any issues resolved. A high level strategic review of potential constraints has 
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been identified for consideration at the project feasibility stage. This list is not 

exhaustive but provides an overview for further studies. 

5.7.1 Location of services 

Detailed services searches have not been undertaken for the option sites. 

Site visits have indicated the presence of services in the area of proposed works at 

Derringham where a high pressure gas main runs adjacent to Sands Dyke on 

Springhead Golf Course. 

Below ground drains in particular will need careful consideration as they would 

represent a potential leakage point from any storage area. 

It is recommended that a detailed service search is carried out at option feasibility 

stage possibly including non invasive ground penetration surveys to identify the 

location of any drains. 

5.7.2 Geotechnical review 

A full geotechnical assessment should be undertaken to determine soil conditions, 

assess the potential for contamination and generally to ensure the suitability of 

potential locations for use as storage areas. 

5.7.3 Archaeological and environmental review 

A full review of the likely presence of archaeological remains will need to be taken 

in addition to environmental impact assessments and ecological investigations as 

necessary. 

5.7.4 Reservoir Design considerations 

The storage areas provided may fall under the Reservoirs Act and issues associated 

with this will need to be considered. 

5.7.5 Ground source protection zones 

A storage area at Springhead golf course in Derringham would be sited within an 

Inner Ground Source Protection Zone I (Inner protection zone) and a storage area 

to the west of Orchard Park would lie within a Zone II – Outer protection zone. 

These designations may not prevent works being undertaken but precautionary 

measures would be required in the design and to avoid contamination of any 

groundwater during construction. 

5.7.6 Land Ownership 

Springhead golf course at Derringham is the property of Hull City Council. 
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The area to the west of Orchard park is divided into a number of plots. Hull City 

Council own some of this land as do the East Riding of Yorkshire Council with 

the remainder of the plots being in private ownership. 

 5.7.7 Modelling limitations – Orchard Park 

Overland flows into Orchard Park pass over Mill Beck and Creyke Beck. The effect 

of this and the modelling assumptions need to be fully understood before an option 

at Orchard Park can be progressed. 

 5.7.8 East Riding of Yorkshire Surface Water Drainage Proposals 

As previously mentioned in Section 5.4, ERYC have submitted requests for 

funding for a number of surface water storage areas immediately to the west of the 

city. It is understood that these proposals could potentially benefit the Anlaby 

Park, Derringham and Orchard Park areas of Hull. Before any detailed schemes 

develop in Hull the impact of the ERYC schemes should be assessed if they were 

to proceed. 

 5.7.9 Consultation 

Consultation plays a very important part of any project implementation and the 

public, landowners and stakeholders will all need to be fully engaged to ensure a 

successful outcome. 

5.8 Comments on Other High Risk Areas 
The drawing included in Appendix H highlighted six areas which suffered 

particularly high levels of flooding in June 2007. The SWMP report has looked in 

detail at Derringham and Orchard Park and has determined the cause of flooding in 

these area 

Whilst the other four areas were not looked at in detail, the SWMP process has 

identified some possible reasons for flooding that could be investigated in more 

detail. It should be noted however that the June 2007 event was extreme and that 

these areas may already be protected to a minimum 3.3% annual probability of 

exceedence. 

The low resolution modelling indicates that surface water will gather in the Anlaby 

area and it is known that in 2007 two schools to the west of Anlaby Park were badly 

affected by flooding. It is possible that Anlaby was subject to inundation by 

overland flows from the higher ground to the west in the same way that 

Derringham and Orchard Park were affected. 

The surface water modelling does not indicate any problems in the Newlands area 

of the city which is completely surrounded by urban development. However 
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Yorkshire Water are aware of drainage system problems in Newlands as a result of 

DG5 reporting. It is likely that drainage capacity in the Newlands area will be 

reviewed by Yorkshire Water as part of its planned modelling work. 

The surface water modelling does not reveal any particular problems in the 

Bransholme area and yet this area was very badly affected by flooding in 2007. This 

area is served by its own surface water drainage network and is not bordered by 

higher land although it does sit on land adjacent to Holderness Drain. The 

Bransholme surface water drainage system would benefit from a study to 

understand the difficulties experienced in June 2007 and protect against a repeat. 

Sutton Ings does not appear at high risk from surface water flooding however it 

was affected in June 2007. Sutton Ings may be subject to fluvial flooding from the 

nearby Holderness Drain. Any restrictions in the conveyance system could be 

identified in Yorkshire Water’s integrated network model which will study the 

whole combined drainage system. 

5.9 Assessment Criteria for Potential Aqua Greens 
Since aqua greens are a key feature of this project, Hull City Council considered 

this a good opportunity to formulate criteria which could be used to assess the 

suitability of sites for development as aqua greens. This criteria could be used for 

site assessment not just in Hull but has potential for national application. The 

assessment criteria are presented in Appendix R. 

5.10 New development – Planning Guidance 
Current planning policy for future development is set out within Planning Policy 

Statement 25 (PPS25): Development and Flood Risk. This policy aims to ensure 

that flood risk is taken into account at all stages in the planning process to avoid 

inappropriate development in areas at risk of flooding, and to direct development 

away from areas at highest risk. Where new development is, exceptionally, 

necessary in such areas, policy aims to make it safe without increasing flood risk 

elsewhere and where possible, reducing flood risk overall. 

As part of the Hull SWMP commission Halcrow were required to prepare a draft 

Supplementary Planning Document to outline a surface water management 

planning policy for new developments in the City of Hull. The aim of this policy is 

to ensure that the installation and management of surface water measures in 

development proposals are capable of reducing the level of surface water flooding 

to surrounding areas. 

SPD requirements for surface water drainage in new developments are summarised 

below: 
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1. Development must be safe from flooding over its whole lifetime, taking 

into account the impacts of climate change, and use all opportunities to 

reduce flood risk overall; 

2. Where greenfield sites are to be developed the run off rates for surface 

water is to be kept at or below the present greenfield run off rates. 

Where previously developed (brownfield) sites are to be developed 

surface water runoff rates should be reduced by a minimum of 50% of 

the existing site runoff rate; 

3. It is expected that surface water on development proposals will be 

entirely separated from foul drainage; 

4. Sustainable Urban Drainage Systems should be used to control the rate 

and volume of run off. Pollution controls should be incorporated within 

them to protect and improve groundwater quality. Typical SUDS 

methods are described in the SPD; 

5. Surface water systems should cope with events that exceed the design 

capacity of the system so that excess water can be safely stored or 

conveyed from the site without adverse impacts; 

6. The long term management and responsibility for the maintenance of 

SUDS systems will be agreed prior to the granting of planning 

permission; 

7. Developments exceeding 0.5 hectares will encompass surface water 

storage options within the boundaries of the site. 

The draft SPD is included in Appendix N. 
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6 Summary and Action Plan 

6.1 Discussion and summary 
The City of Hull lies within a complicated catchment and is served by an equally 

complicated drainage network. 

The city suffered extensive flooding in June 2007 but this was an extreme event, 

thought to be around a 0.67% annual probability of occurrence. Before 2007 Hull 

was not considered to have problems with surface water flooding; a fact that has 

been supported by anecdotal evidence. 

Surface water modelling undertaken as part of the SWMP process has found that 

areas to the west of the city (Derringham, Orchard Park and to a lesser extent 

Anlaby Park) are currently at the highest risk of surface water flooding. In the case 

of Derringham and Orchard Park flooding has been shown to be as a result of 

overland flow entering the city from the rural areas to the west. 

SWMP timescale and budget constraints restricted the high risk areas that could be 

looked at in detail to two but future work needs to be done in other areas of the 

city. 

The provision of storage areas to collect surface water to the west of Derringham 

and Orchard Park has been shown to have a dramatic effect on the level of 

flooding that could be expected in these areas. Initial costings have shown these 

solutions to be cost beneficial. Provision of storage in these areas would also lessen 

the hydraulic peak loading on the drainage system as a whole. 

Yorkshire Water’s DG5 register indicates 14 properties and 24 areas within the 

study area that have previously flooded and are potentially not served to a 3.3% 

standard. In addition Yorkshire Water have plans to create a comprehensive 

drainage system model for the Hull and Haltemprice catchment during the AMP 5 

programme which would include drainage issues in the city. AMP 5 however runs 

from April 2010 to March 2015 and it is not known when this modelling work and 

any necessary improvements identified as a result will be undertaken. Areas of the 

city which would particularly benefit from this model study are Newlands and 

Bransholme. There may also be a number of drainage capacity problems in the 

Sutton Ings area as indicated in the surface water model. 

Provision of peripheral interception storage areas and an on-going programme of 

modelling and drainage system conveyance capacity improvements as necessary 
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should provide the City of Hull with a minimum level of protection of 3.3% 

probability of exceedence. The main concern here is programme for Yorkshire 

Water’s modelling works. 

Hull City Council, Yorkshire Water and the Environment Agency are currently 

involved with commissioning a Hull Flood Mitigation Investment Plan which will 

be used to inform all the partner’s long term investment plans and the more 

detailed work omitted from the SWMP will be addressed within the Investment 

Plan study. 

In addition Hull City Council, the Environment Agency and DEFRA have 

committed funding (£770,000 over two years) to construct aqua greens and this is 

due to start shortly. Delivery of an aqua green is crucial not only to demonstrate 

commitment to tackling surface water flood risk in the city but also to provide a 

physical project which can then be assessed and analysed to determine its costs and 

benefits and to inform future investment decisions. 

For new development a Supplementary Planning Document recommends that 

conditions be placed on developers to ensure that surface water runoff from 

previously developed (brownfield) sites should lead to a reduction in existing run 

off rates to a minimum of 50% of the existing rate and recommends that SUDS be 

considered for this purpose. 

This surface water management plan documents the approach adopted to assesses 

flood risk and providing long term surface water drainage solutions as far as has 

been possible within the programme and budget. 

A summary of actions resulting from this plan are included below. 

6.2 Action Plan 
The following actions are recommended to be undertaken as part of the Hull 

Surface Water Management Plan: 

1. Provide an aqua green for Derringham at Springhead Golf Course after a 

feasibility study has been successfully completed 

2. Provide an aqua green for Orchard Park once the influence of Mill Beck 

and Creyke Beck has been adequately investigated and a feasibility study 

successfully completed (in that order). 

3. Finalise and adopt the draft Supplementary Planning Document 

4. Undertake further modelling work at Anlaby Park to determine cause of 

surface water flooding in this area 
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5. Determine the extent of East Riding of Yorkshire’s plans for surface 

water drainage schemes and assess their impact on the Hull SWMP 

6. Determine the reasons behind the flooding in Bransholme in 2007 and 

implement a remediation plan as required 

7. Work for an early start on the Hull and Haltemprice drainage system 

modelling and any necessary improvements by Yorkshire Water 

8. Prepare a public consultation plan 
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