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1 Introduction 

1.1 In the Hull Surface Water Flood Management Plan (SWMP), a risk based 

approach has been used in the identification of surface water flood risk 

and assessment of alleviation options. 

1.2 Initially, a coarse surface water model was used to assess the surface 

water flood risk for the whole of Hull and surrounding areas. Following 

agreement with the Hull SWMP partners, the areas identified as having 

a high surface water flood risk were modelled in more detail to provide 

greater accuracy and understand causes of flooding. Alleviation options 

were then agreed and modelled for these high risk areas using the 

detailed models. 

1.3 This technical note outlines the modelling approach for both coarse 

and detailed models, including the main assumptions. 

An existing coarse surface water model, developed for the River Hull Flood 

Risk Management Strategy was used as a base for the SWMP model. 

1.4 Deriving inflows 

1.5 Pluvius software was used for deriving the design event (theoretical) rainfall 

data for each return period. The software uses historic Met Office rainfall 

data for the Kingston upon Hull area and is able to extrapolate large return 

period events using Flood Studies Report (FSR) methodology. Pluvius 

rainfall boundaries were generated for a range of storm durations for the 2, 

5, 10, 25, 50, 75, 100 and 200-year return period floods. 

1.6 A critical storm duration of 6 hours was used to provide a compromise 

between the theoretical worst case scenario of very short duration, very high 

intensity storms (e.g. 30 minute duration; over 200mm/hour peak intensity) 

and observed storms such as June/July 2007 events, which had durations of 

approximately 12 and 18 hours. Furthermore, due to the Hull city 

catchment area being very large and flat, the time of concentration (Tc) 
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is likely to be longer than typically designed for. A sensitivity analysis 

has been undertaken for storm duration for the 2-year flood. 

1.7 The rainfall data output from Pluvius has been applied in the TUFLOW 

model using a "Rainfall Boundary". This boundary applies the rainfall 

directly as a depth of water per time interval to every cell in the 2d model 

extent. Separate rainfall boundaries will be set up for urban and rural 

areas so that the urban rainfall boundary could be modified to take into 

account the underlying drainage capacity of the Yorkshire Water system. 

2 Rural Runoff 

2.1 Rural runoff has previously been calculated using the method to 

estimate Percentage Runoff (PR) outlined in Volume 4 of the Flood 

Estimation Handbook (FEH), Section 3.3.1, 

where PRrural = SPR+DPRcwi+DPRrain 

where DPR is Dynamic Percentage Runoff 
SPR is Standard Percentage Runoff 

2.2 The Catchment Wetness Index (CWI) component (DPRcwi) was found by 

estimating the Standard Annual Average Rainfall (SAAR) value for the 

area from the FEH CD-ROM (650mm) and using Figure 3.7 in FEH vol. 

4, Section 3.3.1, to find the equivalent wetness index (90mm). 

2.3 Rainfall profiles (generated using the FSR method in Pluvius software) were 

used for each return period to determine the DPRrain component. 

2.4 Standard percentage runoff (SPR) values are standard values relating to 

the physical characteristics and hydrological functioning of the underlying 

soil in a catchment. These were derived manually for the rural component 

of the model area using soil maps and the method outlined in Appendix 

C, Vol. 4, section C.3.2 of the FEH, to derive HOST classes for the area. 

This produced a SPR value of 30.35 which is broadly similar to the values 

reported for the area in the FEH CD-ROM. 

2.5 The rural PR value was calculated as 26%. Rainfall profiles applied to 

the rural areas have been multiplied by this value before being applied 

to the model to simulate the drainage of 74% of initial rainfall. 

3 Urban Runoff 

3.1 The PR value for urban areas is based on the proportion of hard standing 

areas including buildings, roads and pavements within the urban area. It is 
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assumed that the PR value for the hard standing areas is 100% and the PR 

value for the grassed areas such as gardens is 26% as per the rural PR value. 

3.2 Urban area in the model were categorised into three different proportions of 

hard standing areas (indicative of housing density) so that an appropriate 

PR value could be assigned. 

3.3 The following PR values were assigned: 

 High density urban areas PR = 100% 

 Medium density urban areas PR = 80% 

 Low density urban areas PR = 60% 

4 Representing drainage capacity 

4.1 It is assumed that water falling onto the urban area served by Yorkshire 

Water's combined system is pumped into the Humber at Saltend pumping 

station and East Hull and West Hull pumping stations in times of high 

flows. 

4.2 Several separate surface water systems are also present in Hull; the largest is 

the area of Bransholme that is pumped into the River Hull at Bransholme 

pumping station. The smaller surface water systems are pumped into 

various drains in and around the city. 

4.3 Various pumping capacities for each of the 4 main pumping stations are 

noted in different reports (summarised in Table 4 1). The latest pumping 

capacity figures provided by Yorkshire Water for use in this study put the 

total pumping capacity of the combined system at 77.4m3/s. 

Source 

Summary of 

capacities in IRB 

Final report, 'The 

June 2007 floods in 

Hull', November 

2007. Pg 43. (m3/s) 

IRB Interim 

Report, 'The June 

2007 floods in 

Hull', 24th 

August 2007, 

Table 6.1, (m3/s) 

Figures 

provided by 

Yorkshire 

Water in June 

2009 (m3/s) 

and used in 

model 

East Hull 7 15 22 

West Hull 15 20 28 

Saltend 19 22 22 

Bransholme   5.4 5.4 

TOTAL 41 62.4 77.4  
Table 4-1: Summary of reported of pumping capacities. 
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4.4 The two different drainage systems have been represented in the model in 

order to represent some spatial variation in drainage capacity across the 

city. These areas are: 1) Main combined system; and 2) Bransholme 

surface water system. 

4.5 In order to be applied to the 2d model effectively, the pumping capacity 

of each system has been converted to equivalent mm / minute so that it 

can be subtracted from the rainfall falling on the catchment in order to 

provide a net rainfall amount that does not enter the Yorkshire Water 

system. The pumping capacity has therefore been divided by the area of 

urban catchment served by each system. 

4.6 It has been assumed that the areas served by smaller surface water pumping 

stations have the same drainage capacity per unit area as the main combined 

system as pump capacities are not known for these smaller systems. 

5 Representing initial storage volume 

5.1 It has been assumed that 80% of the combined and surface water 

network pipe volume is available at the start of the flood event. Volumes 

of pipes were calculated in GIS and Excel and an equivalent depth of 

rainfall in mm (X) was calculated based on the total drainage area. The 

first X mm of rainfall was then removed from the incoming rainfall. 

Model sensitivity to % of available pipe volume was tested for the 5 and 

100 year return period floods. 

6 Modelling overland flow (whole city) 

6.1 Initially, a low resolution model of the entire study area and outlying 

rural areas was developed to assess the surface water flood risk over the 

whole city and to identify those areas in the city at highest risk. 

6.2 A suitable model extent was selected to cover both the urban areas of 

Hull and Cottingham as well as the outlying rural areas where the runoff 

can flow towards the city. The model has been extended in the West of 

the catchment towards the top of the Wolds to model the rural runoff 

generated here (Figure 001). 

6.3 A basic TUFLOW 2d model was set up using the ground elevation data. 

This involved setting up an appropriate 2d grid located over the study area 

having a resolution (or cell size) of 25m. Suitable "no flow" areas were 

created so that only the study extent is modelled. This removes superfluous 

calculations from the simulation thereby reducing simulation times. 
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6.4 Mapping data was then used to identify areas of urban and rural land use 

in the model extent. An appropriate Manning's n roughness value was 

ascribed to each type of land use as follows: 

 Rural areas: n= 0.04 

 Urban areas: n= 0.03 

6.5 All individual buildings were incorporated into the 2d model by assigning 

a high Manning's n value of 1.0 to all building areas. This conservative 

assumption has the effect of representing the major obstruction caused 

by a building but also enables the flood storage capacity of a building to 

be included and some flow to pass through the building. Model sensitivity 

to the Manning's n value assigned to buildings was tested for the 5 and 

100 year return period floods. 

6.6 Additional model geometry features such as ridges and gullies/flow 

constrictions were incorporated into the model in order to better define 

barriers to the flow (such as the River Hull embankments) and flow 

paths where these features are not adequately represented on the 25m 

resolution Digital Terrain Model (DTM) . 

7 Model validation 

7.1 In addition to theoretical flood events, the 25th June 2007 flood event 

has been simulated in order to help validate the model. 

8 High risk surface water flooding areas 

8.1 A decision on which areas constitute high risk zones was taken by the 

Hull SWMP partners. This has been based upon frequency of flooding; 

depth of flooding; damages incurred; social, environmental and 

commercial considerations and will inform the potential location of Aqua 

Greens. It should be noted that the modelling results have informed the 

decision making process and not be the sole consideration. 

9 Detailed modelling of selected high risk areas 

9.1 Following agreement with the Hull SWMP partners, the areas identified 

as having a high surface water flood risk were modelled in more detail to 

provide greater accuracy and understand causes of flooding. Alleviation 

options were then agreed and modelled for these high risk areas using 

the detailed models. 
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9.2 The following refinements were made to the model for the high risk areas: 

 High resolution 2d grid, having a cell size of 5m - this better 
represent flow paths along roads and around large buildings. 

 Rural run-off entering the high risk areas has been modelled by 
extracting the rural-runoff flows from the low-resolution model 
and applying them to the high resolution model. 

9.3 For these areas, one or more surface water flood alleviation options 

have been modelled in addition to the baseline situation; these options 

include Aqua Greens. Modelled flood depths have been used to 

estimate the total flood damages in terms of both Annual Average 

Damages and Present Value Damages. 

10 Limitations 

10.1 The main limitations with the modelling approach adopted are given below: 

Drainage 

10.2 The models developed as part of the SWMP do not represent the 

conveyance of the Yorkshire Water combined and surface water systems 

beyond a simple drainage rate applied over the urban catchment, based on 

pumping capacities provided by Yorkshire Water. The model does not 

represent the variability of the drainage capacity across the city. Problems 

caused by inadequate drainage capacity or inadequate inlets to the drainage 

system therefore cannot be identified using the model. Options involving 

improvements to the drainage system cannot be assessed beyond a simple 

sensitivity test of assumed pumping capacity. 

Watercourses 

10.3 Flows in (and from) open watercourses such as Beverley & Barmston 

Drain, Holderness Drain and Setting Dike are not included in the model. 

Flooding from these watercourses could be thought of as fluvial flooding 

and not surface water flooding. However, a number of watercourses drain 

into the combined drainage system thereby affecting the drainage capacity. 

Model resolution 

10.4 The low resolution model of the whole city does not accurately represent 

flow paths narrower than 25m. This means that flow routes around roads 
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may not be represented. This approach can sometimes over-estimate 

flood depths. The high resolution models of Derringham and Orchard 

Park have a resolution of 5m and adequately represent flow paths around 

roads. However, the resolution is not sufficient to accurately represent 

smaller features such as dropped kerbs. 

10.5 Representation of buildings 

10.6 Buildings have been represented in the model by applying a high 

roughness value to the 2D cells in the model that contain buildings. 

Although this is one of several standard/recognised approaches 1 and is 

preferable to removing these cells from the computation, the roughness 

value applied is somewhat subjective. In the low resolution model, the 

specification of high roughness values coupled with the low resolution 

2D grid can artificially retard flow as well as cause flood depths to be 

over-estimated. The models represent reduced flow through buildings but 

this is not modelled accurately. 

11 Recommendations for future work 

11.1 It is recommended that further study and model development should 

include the integration of the overland surface water model with a model 

to represent the Yorkshire Water drainage system, and the inlets to this 

system. Open channels such as Setting Dike and Cottingham Drain 

should also be considered, particularly at locations where open channels 

enter the underground system. By representing the spatial variation in 

drainage capacity, it should be possible to investigate options focussed on 

improvements to the conveyance system alongside options to manage 

surface water before it enters the Yorkshire Water system. 

11.2 It is recommended that higher resolution models are developed when 

current computer hardware limitations of processor speed and RAM 

are overcome. This will allow better representation of flow paths and 

identification of flooding mechanisms. It would also allow the effect of 

buildings to be more accurately modelled. 

1 Syme, W. J. (2008) Flooding in urban areas - 2D modelling approaches for buildings and fences, Proc of 

9th National Conference on Hydraulics in Water Engineering, Australia. 


