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Executive Summary 
Team Valley Trading Estate is a highly urbanised area comprised of a mixture of offices, light 
industrial and retail premises.  Much of the estate has been developed on the River Team 
floodplain, which flows north through the centre of the Estate. 

Environment Agency flood risk studies, which were reviewed and summarised in the 
Gateshead Level 1 and 2 Strategic Flood Risk Assessment (SFRA), identified a potential risk 
of flooding to the estate.  These studies centred on fluvial and tidal flooding from the River 
Team, surface water flooding originating from the valley sides and the strategic risk associated 
with the sewer network by identifying critical drainage areas.  All the studies so far have 
investigated these sources in isolation and have not considered the joint risk from the 
interaction between the River Team, ordinary watercourses and the underlying sewer and 
surface water drainage systems.  As such, the current understanding of flood risk within the 
Team Valley may be underestimating the actual risk. 

Due to the complex nature of urban flooding, it is anticipated that further detailed modelling will 
be required to assess the interaction between these sources and ascertain the actual level of 
risk in the trading estate.  However, at this early stage of the process, it is difficult to know 
whether detailed modelling will be required.  As such, Gateshead Council with the 
Environment Agency commissioned this Inception Study (Stage 1) to improve the 
understanding of connections between the River Team, ordinary watercourses and the 
drainage system using readily available data and strategic hydrology calculations. 

The main findings of the study are summarised below and relate to each source of flooding. 

 River Team - the first hydraulic model was developed in 2000 by the Environment 
Agency to assess and map the risk of flooding along the Team.  The 1D model was 
updated in 2006 and 2008 to investigate potential flood alleviation schemes.  The 
model hydrology was updated in 2009.  The current model versions highlight a 
conflicting evidence base.  Early versions show some risk, whilst the 2009 version 
predicts a 1 in 400-year SoP.  Fluvial water levels are likely to be underestimated 
because of the lack of definition of hydrological lateral inflows within the Team Valley 
Trading Estate, which are known to exist including Lady Park Burn, Black Burn and 
outfalls from the urban drainage system.  The existing model is not considered 
suitable for future use in its current form and it is strongly recommended that the 
model is re-schematised and hydrology updated to include all possible inflows. 

 Ordinary Watercourses - Lady Park Burn is the only other watercourse in the 
catchment which has been specifically modelled in 2010 by the Environment Agency.  
The model was developed to evaluate the probability of flooding to residential 
properties in Lady Park. 

 Surface Water - the current national and local surface water maps illustrate a 
significant surface water risk to the Team Valley Trading Estate.  However, these 
models have used assumptions about the size/capacity of the drainage system, 
critical storm duration, percentage runoff and do not include the impact that high water 
levels in the River Team may have on the discharge of urban drainage systems.  

 Drainage Network - several urban drainage outfalls discharge surface water and/or 
combined sewer system overflows from the Shipcote, Sheriff Hill, Beacon Lough, 
Allerdene and Lobley Hill areas either directly into the River Team or into the Team 
Valley surface water drainage network.  The flow capacity of these outfalls has been 
assessed and suggests that the pipe capacity is exceeded in all catchments during 
the 1 in 200-year event.  This is not surprising given that the typical design standard of 
the drainage network.  Although peak flows are unlikely to coincide with peak flows in 
the River Team, they may still provide a moderate contribution to peak flows and will 
increase the overall volume associated with events.  An indicative assessment 
suggests that there would be a number of areas at risk of flooding from the urban 
drainage system as elevated water levels in the River Team prevent discharge.  
Currently these mechanisms are not explicitly represented in either the River Team or 
surface water models. 
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A review of the datasets provided for the study suggests that flood risk within the Team Valley 
is understated and is likely to be from a number of sources, which have the potential to 
interact increasing risk.  The existing model of the River Team is not adequate for assessing 
the integrated flood risk.  An integrated model, subjected to a full range of storm durations to 
identify critical conditions for flooding at different locations is recommended during Stage 2. 

There are a number of possible modelling techniques available. These include: 

 Converting the current River Team model into a fully integrated ISIS-TUFLOW model 
to represent the interactions between the river and the urban floodplain. This could 
include; 

o The inclusion of short reaches of the Black Burn and Lady Park Burn 
tributaries into the River Team ISIS-TUFLOW model. 

o Representation of the urban drainage network either by truncating 
hydrological inflows into the 1D model (based upon pipe capacity) or by  
incorporating a simplified representation of the urban drainage system within 
the model using 1D ESTRY sections to represent the piped systems with 
connections to the River Team and the floodplain.   

 Developing a fully Integrated Catchment Model (ICM). An ICM model represents the 
river channel, urban drainage network and floodplain (and the linkages between 
these) in a single software package. The benefit of this more sophisticated modelling 
is that the linkages between flooding sources are fully represented. This approach 
would be reliant on the provision of sewer network data including pipe invert levels 
from Northumbrian Water. 

Following the completion of the Inception Study, Gateshead Council and the Environment 
Agency will use the information provided within this report to help understand the flood risk 
issues within the Team Valley and decide which modelling approach is best to take forward 
into Stage 2 of the project.  The decision should be based on the available information, how 
the results of the modelling are intended to be used and future uses of the model once 
complete.   
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1 Introduction  

1.1 Commission 
Gateshead Council commissioned JBA in March 2011 to undertake an initial assessment of 
the existing flood risk sources within the Team Valley and consider the potential for integrated 
modelling to represent these sources and the linkages in the system. 

1.2 Study Background 
Flood risk within the Team Valley is complex and is likely to be from a combination of statutory 
Main River, ordinary watercourse, sewer and surface water sources. 

Through a number of flood risk mapping studies in the study area, the Environment Agency 
has previously investigated fluvial and tidal flood risk associated with the River Tyne, Team 
and Lady Park Burn.  The Environment Agency has also assessed the potential for surface 
water related flooding in Gateshead through the production of two national surface water 
maps, the Areas Susceptible to Surface Water Flooding (AStSWF) and Flood Map for Surface 
Water (FMfSW). 

However, no studies have occurred which consider the joint risk from an interaction between 
the River Team, ordinary watercourses and the underlying sewer and surface water drainage 
systems.  As such, the current understanding of flood risk within the Team Valley may be 
underestimating the actual risk. 

In order to assess whether there could be a greater risk of flooding in Team Valley due to the 
interaction of multiple sources, some form of further detailed modelling is anticipated.  As this 
is a complex field, the process is split into two phases. 

The first phase of the study, commissioned by Gateshead Council, is this inception study.  The 
inception study focuses on: 

 collating and assessing all currently available flood risk data for both fluvial and sewer 
systems; 

 identifying all additional tributaries to the River Team downstream of the A1 culvert to 
the tidal limit and identify where these tributaries enter piped systems; 

 identifying the status of the piped sections of watercourse (e.g. adopted sewer and 
culverted watercourses); and 

 identifying where interactions between the drainage systems and watercourse could 
potentially increase flood risk (e.g. outfalls to the River Team or where watercourses 
enter the drainage systems). 

 

The understanding gained through this inception study will be used to make recommendations 
about future modelling within the Team Valley that will consider various integrated modelling 
options.  These will range from simple modelling techniques, for example using JFLOW, to 
fully integrated modelling using the Integrated Catchment Model (ICM) where considered 
suitable and appropriate. 

The second (main) phase of this project will focus on modelling the interaction between fluvial 
and sewer flooding using the recommended modelling option chosen by Gateshead Council 
and the Environment Agency. Input from Northumbrian Water will be critical to this.  

Once complete, this study will provide a fuller understanding of the combined flood risk within 
the Team Valley informing the Local Development Framework (LDF) flood risk evidence base.  
The second phase of the study will also inform the latter stages of the Newcastle/Gateshead 
Surface Water Management Plan (SWMP)1 the Local Flood Risk Management Strategy 
(LFRMS) and future planning decisions and potential flood risk management options in the 
area.  

                                                      
1 Newcastle/Gateshead Surface Water Management Plan.  Currently being completed by AECOM Water.  
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1.3 Study Area and Catchment Description 
Team Valley Trading Estate is a highly urbanised area comprised of a mixture of offices, light 
industrial and retail premises (Figure 1-1).  Much of the estate has been developed on the 
original floodplain of the River Team, a statutory Main River that drains through the centre of 
the Estate.  The trading estate is bounded by steep topography, with heavily urbanised areas 
such as Shipcote, Lyndhurst and Chowdene to the east and Lobley Hill and Dunston Hill to the 
west.  The River Team itself originates in Annfield Plain, County Durham where it is known as 
Kyo Burn.  Upstream of the Team Valley Estate, the watercourse drains a mixture of urban 
and rural land use and has a catchment area of approximately 61km2.  The river reach 
through Team Valley was heavily modified and channelised during the development of the 
trading estate (established 1930s) and is partially culverted through this reach (Figure 1-2).  
Because of this modification and straightening, the channel has been shortened by 3.5km. 

 
Figure 1-1: Team Valley Trading Estate 

 
Figure 1-2: Open Box-section Culvert 

along Queensway North 

 

 

 

 

1.4 Historical Flood Risk 
The SFRA highlights three main areas of flood risk along the River Team 

 Dunston (referred to as St Omer’s Haugh in the SFRA), where 55 residential 
properties and 23 non-residential properties are at risk from tidal inundation  

 Team Valley Trading Estate where fluvial flooding affects 8 large non-residential 
properties in the 1% AEP fluvial event (see EA Flood Map on Figure 1-3) 

 Lamesley, a rural area upstream of the Newcastle Western Bypass (A1) where 
flooding affects 3 properties (believed to be outbuildings of farms) 

Flooding has been recorded on the lower, tidal, reaches of the River Team since the early 
19th Century, the most recent of these being to Ravensworth Road in March 2010.  Further to 
this, there are number of flooding hotspots though the Trading Estate identified by the SFRA 
historical flooding database.  These are summarised in Table 1-1. 
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Table 1-1: Historical Flooding within the Team Valley 
Location/ Date Source/ Watercourse Issue/ Cause 
A1 culvert/ Nov 
2000  

Fluvial/ Black Burn 
Drain 

Caused through blockage of the 
culvert 

Chowdene/ Nov 
2000 

Surface Water/ Fluvial/ 
Chowdene 

Flooding around Low Fell 

Nov 2000 Combined Sewer  Flooding on Eighth Avenue 
Coach Road & A1 
culvert/ Nov 2000 

Fluvial/ Lady Park Burn Caused flooding to Retail World 

Durham Road/ Jan 
2004 

Groundwater Flooding to properties on Durham 
Road 

Sept 2008 Fluvial/ Black Burn 
Drain 

Caused through blockage of the 
culvert.  In this event, floodwater 
passed through the pedestrian 
walkway under the A1 (Jimmy Young, 
Gateshead Council) 

Chowdene/ Sept 
2008 

Surface Water/ Fluvial/ 
Chowdene 

Flooding around Low Fell 

Coach Road & A1 
culvert/ Sept 2008 

Fluvial/ Lady Park Burn Caused flooding to gardens and 
driveways of residential properties in 
Lady Park and surrounding roads 

Coach Road & A1 
culvert/ July 2009 

Fluvial/ Lady Park Burn Caused flooding to gardens and 
driveways of residential properties in 
Lady Park and surrounding roads 

 

It is clear in Figure 1-3 that these events predominantly occur where the steep valley sides 
flatten into the valley bottom and enter the Trading Estate.  Figure 1-3 also shows the 
Environment Agency's Flood Map and the Flood Map for Surface Water across the study 
area.  This provides a high-level indication of potential fluvial and surface water flooding 
hotspots.  

1.5 Data Availability 
Table 1-2 provides a list of data supplied for the Inception Study and the data source. 
Table 1-2: Available Data 

Type  Details  Source 
Hydraulic 
Models 

River Team HEC-RAS Model (Arup 2009) Environment Agency 

Topography LIDAR - 2009 (most up to date) LIDAR data for the Team 
Valley at 1m resolution (filtered and unfiltered) 

Environment Agency 

Northumbrian Water Drainage Areas  Gateshead Council 
SFRA 

Flood Risk 
Data 

Environment Agency  Flood Map (Flood Zone 2 and 
Flood Zone 3) 

Gateshead Council / 
Environment Agency 

Environment Agency  Historical Flooding Gateshead Council / 
Environment Agency 

Environment Agency  Surface Water Maps Gateshead Council / 
Environment Agency 

SFRA Historical Flooding Gateshead Council 
SFRA 

Other Gateshead Western By-Pass As Built Drawings Gateshead Council 
OS MasterMap Gateshead Council 
Northumbrian Water Sewer Plans Gateshead Council 
National Receptor Dataset Gateshead Council / 

Environment Agency 
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Figure 1-3: Study Area and Flood History 
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1.6 Hydrometric Data 
The Team Valley Gauging Station monitors flow and stage on the River Team.  The gauge, 
that is on the HiFlows UK website is located immediately upstream of the Team Valley Trading 
Estate in a culverted section of watercourse which runs beneath Coal House roundabout and 
the A1 crossing.  Flow at the station, measured using an ultrasonic device, is available from 
1991.  This station replaced the original station, operational from 1975 to1986, located at the 
former Walter Wilson Works within the Team Valley Trading Estate. 

The assessment of the gauge provided on the HiFlows UK website also notes that the flow 
regime on the Team is artificially influenced by the discharge of sewage effluent and pumped 
mine waters. 

1.7 Previous Work and Links 
The River Team and Lady Park Burn has been subject to previous flood risk mapping studies 
that have been undertaken by the Environment Agency.  These have identified the flood risk 
associated with these watercourses during a number of design events.  The studies include: 

 River Team S105 Study Phase 2 (JBA 2000) - The study included the development 
of a steady state HEC-RAS model of the River Team and derivation of peak flow 
estimates. 

 Team Prefeasibility Study (Atkins 2006) - This adopted the above version of the 
model to investigate potential flood defence measures in order to alleviate the flood 
risk identified within the tidal area of the River Team, to the Trading Estate and to 
Lamesley Pastures.  However, the high-level economic appraisal undertaken for the 
three areas concluded that none of the options was feasible economically based on 
DEFRA funding scores.  The outputs from the study were used to update the Flood 
Map. 

 River Team, Flood Alleviation Scheme Feasibility - St Omers Haugh Feasibility 
Study (Arup 2008) - The study investigated potential scheme options that could be 
put in place to alleviate the past tidal flooding that had occurred in St Omers Haugh 
area downstream of the Team Valley Trading Estate.  The study concluded that the 
preferred option, a demountable defence with a floodwall was not feasible on the 
basis of the low cost-benefit ratio and priority score produced and recommended that 
the viability was reassessed in the future (2025). 

 Team Valley Flood Risk Investigations (Arup, 2009) - The study updated the 
original S105 Steady State model with new hydrology (steady state) and updated 
geometry (Eslington Park culvert).  This study investigated the flood risk within the 
catchment and assessed the Standard of Protection (SoP) provided to the Trading 
Estate and found there to be less risk than previously thought (i.e. no parts of the 
Trading Estate at risk during the 1% AEP event).  This study estimated the SoP at the 
Trading Estate to be equal to the 0.22% (1 in 454-year) annual probability flood.  The 
estimates of SoP produced by the study exclude any freeboard. 

   
Elsewhere in the Team Valley, studies have also been undertaken on ordinary watercourses 
and the combined sewer systems, including 

 Generalised modelling of Black Burn for the Environment Agency Flood Map in 2004.  
 Lady Park Burn Flood Risk Mapping Study (JBA 2010).  The study undertook a 

blockage assessment of the culvert on Lady Park Burn running underneath Coach 
Road and the A1 to evaluate the probability of flooding to residential properties in 
Lady Park.  The Environment Agency commissioned the study in response to the local 
flooding of gardens, driveways and roads in September 2008 and July 2009.  

 Northumbrian Water studies on Telford Street & Durham Road - undertaken in 
response to flooding experienced in these areas (information provided by Jimmy 
Young).  

A review of these studies has highlighted a conflicting evidence base.  The early version of the 
River Team model identified some flood risk to the Trading Estate.  However, the most recent 
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study (Team Valley Flood Risk Investigations) completed by Arup in 2009 reports a 400-year 
SoP to the Trading Estate.  Any future modelling needs to resolve such issues. 

1.8 Review of the Existing Hydraulic (HEC-RAS) Model 
A review of the River Team 1D HEC-RAS model has been undertaken (based upon the Arup 
2009 version of the model) to assess its suitability for potential further modelling in Phase 2 of 
the project.  The River Team model extends approximately 9km from Urpeth Bridge 
(Greenford Lane) to the confluence of the River Team with the River Tyne.  The model was 
originally built by JBA in 2000 for a Section 105 study using survey collected as part of that 
study.  The current version of the model (2009) is steady state and largely remains unchanged 
in terms of the channel geometry, although the geometry of the Eslington Park culvert was 
updated following a review of the model during the Team Valley Flood Risk Investigations 
Study undertaken by the Arup study.   

The main points from the review are listed below. 

 The current model is steady state having been based upon the S105 study rather than 
the Atkins (2006) study that converted it to unsteady state.  Steady state models only 
provide one snapshot in time by assessing the impact of peak design event flows on 
water levels and flood risk.  Because of this, the steady state River Team model does 
not consider the impact of hydrograph shape and timings that will be different for the 
rural and urban parts of the catchment. It will also not replicate the upstream flood 
attenuation provided at Lamesley Pastures fully. 

 The model does not include any inflows within the Team Valley Trading Estate.  In 
reality, there are several inflows through this reach including the Lady Park Burn, 
Black Burn and outfalls from the urban drainage system. 

 The extended cross sections used in the model provide a very simplistic 
representation of the urban floodplain based upon volume and will not represent key 
flow routes through the Trading Estate. 

 The downstream extent of the model uses a normal depth boundary condition.  This 
does not reflect the impact of the tidal levels on the River Tyne, which could 
potentially increase water levels in the River Team during high tide.   

 The definition of the River Team channel may be outdated and may have changed 
since the time of the original survey. 
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2 Team Valley System Assessment 

2.1 Potential Sources of Flood Risk 
There are various sources of fluvial and surface water risk within the Team Valley and the past 
modelling studies provide a useful starting point to help understand the main flooding 
mechanisms within the study area.  Historically, there have been several flooding studies 
assessing the risk of fluvial and tidal flooding.  These have focussed on the inflows upstream 
of the A1 as the main source of flood risk and they have not considered the impact of flow 
contributions from Black Burn, Lady Park Burn and the urban drainage system and the impact 
of fluvial water levels on the discharge from these systems on the River Team and vice versa. 

Table 2-1 provides a summary of these sources, the risk associated with them and a review of 
the modelling. 

 
Table 2-1: Summary of Known Flood Risk and a Review of Modelling Techniques within the Team 

Valley  
Source Summary of Flood Risk Review of Modelling Methods 
Fluvial - River Team Limited fluvial flood risk 

identified.  No areas shown to be 
at risk during the 1% AEP event 
with some flooding predicted 
during the 0.1% AEP event. 

Fluvial water levels likely to be 
underestimated because of the lack 
of definition of hydrological inflows 
within the Team Valley Trading Estate 
and the free flowing downstream 
boundary condition assumed (normal 
depth).  Outputs produced using 
steady state model and a simplified 
1D representation of the floodplain. 

Fluvial - Black Burn 
Tributary 

Fluvial risk to parts of the 
Trading Estate and the area 
upstream of the A1 crossing 
during the 1% and 0.1% AEP 
Events. 

The Flood Map along Black Burn is 
defined using simplified national 
methods.  Key assumptions about the 
capacity of the Burn made.  No 
consideration of the impact of water 
levels in the Team on potential 
discharge. 

Fluvial - Lady Park 
Burn Tributary 

Fluvial flood risk identified to the 
uppermost parts of the Trading 
Estate and Lady Park village 
identified during the 1% and 
0.1% AEP events. 

Sufficient, however a key finding was 
that in the type of event critical on 
Lady Park Burn (short duration, high 
intensity) the sewer network in the 
Valley may be at capacity and unable 
to absorb the runoff crossing the A1.  
Only an integrated model looking at 
various storm durations could 
address this. 

 Tidal Predicted tidal flood risk areas 
downstream of the Trading 
Estate with a SoP as low as 1 in 
8-years. 

Known area of flood risk with model 
predictions supported by past 
flooding. 

Surface Water Potential for widespread shallow 
surface water flooding across the 
Trading Estate, with particular 
deeper areas (+0.3m as 
highlighted by the dark purple in 
the FMfSW) of flooding predicted 
towards the downstream of 
Black Burn.  
 

National methods used with 
assumptions about the size/capacity 
of the drainage system made.  No 
consideration of the impact on water 
levels in the River Team on the 
discharge of urban drainage systems.  
Known instances of surfaces water 
related flooding at the edges of the 
valley bottom. 

Groundwater Groundwater related flooding to 
properties on Durham Road 
observed in Jan 2004. 

None 
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2.2 Hydraulic Analysis  

2.2.1 Predicted Fluvial Water Levels and Freeboard 

The River Team HEC-RAS model has been used to help understand the hydraulics of the 
system.  The model indicates that there is a significant fall in predicted peak water levels along 
the Team Valley, with predicted 0.5% AEP peak fluvial water levels ranging from 11.87mAOD 
at the upstream extent (river section 5297) to 6.16mAOD (river section 2431) though the 
Trading Estate.  Figure 2-1 illustrates this as a long section. 

 
Figure 2-1: Peak Water Levels for the 0.5% AEP Fluvial Design Event 

 
 

Within the Team Valley Trading Estate, many of the hydraulic structures present on the River 
Team are large and remain free flowing during the 0.5% AEP event.  However, further 
downstream the Eslington Park Culvert forms a major constriction within the system and is 
predicted to surcharge during low magnitude, high frequency events.  Water level increases 
as a result, however are thought to be limited by the flood relief channel along the road.  

The predicted water levels within the model have been used to gain a broad understanding of 
the freeboard provided within the Trading Estate area.  

By comparing bank levels to predicted 0.5% AEP peak water levels, the model output has 
been used to get an indication of freeboard provided within the Trading Estate area.  This 
assessment has found that there was generally an acceptable level of freeboard provided, 
varying from 0.6m to 0.4m.  When considering this, the limitations of the model (outlined in 
Section 1.7) should be borne in mind as there is the potential for water levels to be increased 
because of the limited inflows into the model through this reach. 

2.2.2 Tidal Flood Risk 

Figure 2-2 shows the predicted peak water levels associated with a 0.5% AEP tidal event.  
This has been previously modelled by assuming that tidal levels are coincident with a fluvial 
flow equivalent to the 50% AEP event (of 12.3m3/s).  Figure 2-2 shows that the backwater 
length created by the tidal event extends upstream on the River Team to approximately the 
Eslington Park culvert (~2km upstream of the confluence) and is limited by the gradient of the 
watercourse.  This finding indicates that the tidal flood risk is not a key flood risk consideration 
within the Team Valley Trading Estate and has not been considered any further by this 
Inception Study. 
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Figure 2-2: Peak Water Levels for the 0.5% AEP Tidal Design Event 

 
 

2.2.3 Structures & Blockage 

The large size of many of the structures along the River Team is considered to limit the 
potential for structure blockage.  The exception to this is the Eslington Park Culvert, which has 
individual trash screens on the multiple openings of the structure.  Past studies (Arup, 2009) 
have also identified that this structure is prone to blockage and state that clearance of the 
debris screens is an ongoing maintenance liability for the council. 

On the Lady Park Burn and Black Burn tributaries there is also considered to be significant 
risk of structure blockage because of the size of the structures and the readily supply of woody 
debris from the upstream catchments.  Past blockages in the A1 culvert are known to have 
resulted in flooding from Lady Park Burn and this has been the focus of the JBA 2010 study.  

2.2.4 Urban Drainage Outfall Capacity 

Several urban drainage outfalls discharge surface water and/or combined sewer system 
overflows from the Shipcote, Sheriff Hill, Beacon Lough, Allerdene and Lobley Hill areas either 
directly into the River Team or into the Team Valley surface water drainage network.  The flow 
capacity of these outfalls has been assessed to help understand the possible flow contribution 
these could provide to the River Team.  When compared to the predicted flow hydrographs 
(described in Section 2.3) the amount and location of surplus volume will help understand 
potential flood risk issues. 

Hydraulic tables have been used to calculate the capacity of key outfalls based upon pipe 
diameter information taken from the Northumbrian Water Sewer Plans and an assumed 
consistent pipe gradient of 1 in 500m (based upon the likely gradient within the Team Valley).  
Other assumptions made in the calculations are documented in Appendix A. 

Table 2-2 highlights the calculated capacity of the each of the systems compared with the 
0.5% AEP peak flow estimate produced (described in Section 2.3).  The table suggests that 
the pipe capacity is exceeded in all catchments.  This is not surprising given that the typical 
design standard of the drainage network ranges from a 1 in 10 to 1 in 30-year standard.  
However, this does give some indication that the urban systems may struggle with this 
magnitude of event.  The table also indicates that the outfalls are capable of providing a 
significant flow contribution into the River Team during a large event.  This finding should be 
reflected in any future studies within the Team Valley. 
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Table 2-2: Inflow Estimate and Pipe Capacity Comparison 
Catchment 
Code 

Description Outfall 
into River 
Team 
(Figure 2-
4) 

0.5% 
AEP 
Peak 
Flow 
(m3/s)* 

Pipe 
Capacity 
Estimate 
(m3/s) 

Indicative 
Surplus 
Flow 
(m3/s) 

Catch R3 Heavily urbanised 
catchment, with a 
combined sewer system 
(with two/three CSO's) 
servicing residential 
estates around Bensham 
and Shipcote.  The 
combined system is 
connected to two surface 
water systems (Catch R5 
and R7) into the River 
Team. 

6 & 9 8.8 3.6/8.9 5.2/0  

Catch R16 Heavily urbanised 
catchment, with a 
separate surface water/ 
foul system and a 
combined sewer system 
with (with CSO), servicing 
residential estates around 
Harlow Green and 
Allerdene. 

27 4.8 2.4 2.4 

Catch L1 Heavily urbanised 
catchment, with 
combined sewer and 
CSO overflow into the 
River Team.  Services the 
South Dunston Area. 

3 5.7 1.8 3.9 

Catch L11 Relatively undeveloped 
area drained by Black 
Burn drain.  This 
catchment also includes 
the combined sewer 
network servicing the 
Lobley Hill area.   

16 6.2 2.3 3.9 

Catch L14 Relatively undeveloped 
area drained by Lady 
Park Burn drain. 

24 2.5 1.5 1 

* Peak flows associated with a 0.5% AEP event have been calculated using ReFH (unscaled) and assuming a 
short 1 hour storm duration that is likely to be more critical for the urban areas. 

 

2.2.5 Impact of Fluvial Water Levels on Urban Drainage 

An assessment of the impact of high fluvial water levels in the River Team on the discharge of 
the urban drainage system has been undertaken.  This is a useful indicator of the potential 
requirement for integrated modelling. Given the approximate nature of the calculations 
undertaken the outputs produced are indicative only. 

The backwater assessment has been undertaken based upon the fluvial peak water levels 
associated with the 0.5 % AEP event.  At the outfalls into the River Team, these levels, 
ranging from 11.87mAOD to 6.16mAOD within the Team Valley Trading Estate, have been 
used directly within the analysis.  Within the urban drainage system, it is accepted that an 
elevated water level relative to the fluvial level will be required to generate a sufficient 
hydraulic gradient through the system to drive water out of the drainage system and into the 
River Team.  Based upon the pipe gradient of the system (assumed to be 1 in 500) and the 
width of the valley bottom (~0.5m, delineated based upon the general extent of the Trading 
Estate) a 1m increase in fluvial water levels within the system has been assumed and applied 
along the edges of the floodplain to estimate the fluvial backwater length.  This information, 
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together with the predicted water levels in the River Team has been used to create an 
interpolated grid representing the possible water surface within the urban drainage system 
that may occur because of high fluvial levels in the River Team.  To help define the areas in 
Team Valley Trading Estate that may be subject to flood risk either directly from the River 
Team or indirectly via the surcharging of the urban drainage system, the water level grid has 
been subtracted from filtered LIDAR data to help identify the areas where predicted water 
levels within the system are above ground levels and hence where flooding may occur.  These 
areas are shown in Figure 2-3. 
Figure 2-3 Predicted Extent of the Impact of Fluvial Water Levels on the Urban Drainage System 

Legend
River Team & Main Drains

 Indicative Impact of Fluvial System

Lady Park Burn

Black Burn

River Team

Contains Ordnance Survey data. © 
Crown copyright and database right [2011].
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The sloping gradient of the drainage system towards the River Team limits the area shown to 
be affected.  This helps to understand the scale of integrated surface water and fluvial issues. 

2.3 Inflows and Hydrograph Phasing 
There are significant fluvial and urban drainage inflows into the River Team within the Team 
Valley Trading Estate.  This section of the report considers the potential impact these may 
have on flows within the River Team and resultant flood risk. 

As part of the study, the fluvial and urban inflow boundaries within the Trading Estate have 
been delineated using a combination of the boundaries taken from the FEH-CD ROM, and 
derived using ArcHydro and the Northumbrian Water Sewer Network.  These inflows, shown 
in Figure 2-4, increase the catchment area drained by the River Team (between the A1 
crossing and the confluence with the Tyne) by 25km2 (from 61km2 to 86km2).  Further details 
about how they have been delineated can be found within Appendix A.  
 
Figure 2-4: Inflow Boundaries Derived for the Lower Team Valley 

 

#

##

#

###
#

##

##
#

###
##
##

#
#
#
##

#

#

9

8
7
6

5

4

3 2

1

27

26

25
24

23
22

21

2019
1817

13
12

11

10

Catch R3

Catch L1

Catch R10

Catch R21

Catch R18

Catch R9

Catch R11

Catch R17

Catch L3

Catch R1

Catch L2

Catch R19

Catch R20

Catch R2

Catch L4

Catch L11

Catch L14

Catch R16

Catch R8

Catch R14

Catch R15

Catch R7

Catch L13

Catch L15

Catch L7

Catch L6

Catch L12
Catch R13

Catch L5

Catch R12

Catch L10

Catch L8

Catch L9

Catch R4

Catch R5

Legend
# Outfalls into the River Team

River Team and Main Drainage Network

Combined Sewer Outfall

Surface Water System

Combined Sewer System

Contains Ordnance Survey data. © 
Crown copyright and database right [2011].

 
 

Using these boundaries, inflow hydrographs for the key urban, surface water and fluvial 
catchments within the study area have been derived using the FEH Revitalised Flood 
Hydrograph (ReFH) rainfall-runoff method.  The analysis undertaken has focussed on the 
extreme 0.5% AEP event that will test the capacities of the system and provide an indication 
of flood risk hotspots.  Further details of how the ReFH method has been applied, including 
the use of the Kjeldsen (2009) method to improve urban runoff estimates, is provided in 
Appendix A. 

Given the different size and nature of the inflow boundaries identified, there is likely to be a 
variable response to rainfall across the study area.  This is illustrated by the recommended 
storm durations and Time to Peak (Tp) values calculated by the ReFH method provide in 
Table 2-3. 
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Table 2-3: Storm Duration and Time to Peak Analysis 

Inflow  Recommended Storm 
Duration (hrs) 

Estimated Time to Peak (hrs) 

River Team (Upstream of A1) 8.3 4.9* 
Lady Park Burn Tributary 3 1.8 
Black Burn 4.7 2.8 
Urban Inflows 1 Up to 0.6 (based upon Catch R3) 
* Time to Peak for the River Team estimated from catchment descriptors.  Tp estimates could be improved for 
future studies using recorded flow data collected at Team Valley Gauging Station. 

 

Predicted inflow hydrographs produced by the ReFH method for the 0.5% AEP event are 
shown in Figure 2-5. These are unscaled and illustrate the differing hydrograph shapes and 
timing of inflows based upon the storm durations recommended. At this stage, the flow 
magnitudes shown in the figure are indicative and may be overestimated as detailed 
hydrological analysis (based upon the FEH Statistical method) has not yet been undertaken. 
The capacity of the system (particularly the pipe capacity within the urban drainage network) is 
also not represented within these hydrographs. This also has the potential to limit and draw 
out inflows and the representation of this will be an important part of the modelling work 
completed for the second (main) phase of the study. 

 
Figure 2-5: Predicted Unscaled ReFH Inflow Hydrographs for the 0.5% AEP Event 

 
 

Figure 2-5 confirms the variable response in timing in the inflows into the River Team through 
the Trading Estate with the urban inflows predicted to be shorter and more intense compared 
to inflows from rural parts of the catchment.  The analysis suggests that the variable response 
of the inflows may result in a double-peaked hydrograph.  

Figure 2-6 and Figure 2-7 show that by applying the standard approach of assuming a 
catchment wide storm within the inflow boundaries (by fixing the storm durations in each 
boundary unit) the timing of peak flows is moved closer together.  Indicative analysis has been 
provided for 1-hour and 8-hour storm durations (likely to be critical for the urban and rural 
components of the system) and there is some further work required as part of Phase 2 of the 
study to assess / optimise the critical storm duration for the system as a whole.  



 

 

 
2011s5011_Inception_Phase1_Report_FINAL.doc 14 

 

It should be noted that the predicted peak flows for the urban inflows are significantly larger 
than the calculated capacity of the drainage system (given in Table 2-3). Future studies could 
represent this either directly via sewer modelling or indirectly by truncating hydrographs based 
upon calculated pipe capacities. 

 

Figure 2-6: 0.5% AEP Event Inflows 
into the Team Valley Based upon a 1 
Hour Storm Duration 

Figure 2-7: 0.5% AEP Event Inflows 
into the Team Valley Based upon a 8 
Hour Storm Duration  

  

 

2.4 Interpretation 
The main conclusions from a review of the datasets provided and the hydrological and 
hydraulic analysis undertaken are listed below. 

2.4.1 Model 

 The existing HEC-RAS model has some key limitations and is not considered suitable 
for future use in its current form (see concerns noted in Section 1.7).  It is strongly 
recommended that the model is re-schematised in ISIS with a linked 2D TuFLOW 
model used to represent the floodplain.  Issues relating to the hydrology also need to 
be addressed as highlighted below. 

2.4.2 Hydraulics 

 The bed gradient of the Team Valley means that the Trading Estate is unlikely to be 
directly affected by tidal events or a blockage at the Eslington culvert. 

 Elevated water levels in the River Team do have the potential to affect the discharge 
of floodwater from the urban drainage system and the lower reaches of the Lady Park 
Burn and Black Burn culverts.  

2.4.3 Hydrology 

 Inflows into the Team Valley are likely to be underestimated by the existing studies 
that do not consider the inflows from Lady Park Burn, Black Burn and the Urban 
Drainage System within the Team Valley.  This may have a significant impact on the 
predicted flood risk. 

 Inflows from these sources will respond differently to rainfall events because of the 
varying size and characteristics of the inflow areas.  Although peak flows are unlikely 
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to be coincident with peak flows in the River Team, they may still provide a moderate 
contribution to peak flows and will increase the overall volume associated with events. 

 The capacity of the urban drainage network does have the potential to restrict peak 
flows discharging into the River Team. 

2.4.4 Flood Risk 

 A review of the datasets provided for the study suggests that flood risk within the 
Team Valley is understated and is likely to be from a number of sources. The existing 
model of the River Team is not adequate for assessing the integrated flood risk. 

 An integrated model, subjected to a full range of storm durations to identify critical 
conditions for flooding at different locations is recommended. 

2.4.5 Data Gaps 

 Access to Northumbrian Water sewer models and a digital version of the sewer 
network.  

 The installation of a temporary logger on Black Burn would be very useful for any 
future studies. 
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3 Flood Risk Modelling Options for Phase 2 
The evidence provided in this report suggests that understanding the linkages between the 
fluvial and surface water systems are critical to correctly reflecting the flood risk within the 
Team Valley.  On this basis, a number of integrated future modelling options are presented; 
these are outlined in the sections below. 

3.1 Existing Model of the River Team 
An accurate river channel model of the River Team will be vital to any future modelling 
studies.  The recommendations regarding the River Team model are as follows: 

 Update to the design event hydrology used within the model using the FEH Statistical 
and ReFH methods.  This should include the derivation of hydrographs for a range of 
events and storm durations identified as critical for the upstream River Team inflow, 
the Black Burn and Lady Park Burn tributaries and the urban drainage system.  

 Conversion of the model into an unsteady state ISIS model.  This will be based upon 
the existing survey data available that will be validated before use.  An unsteady state 
model will allow the impact on hydrograph phasing and upstream flood attenuation at 
Lamesley Pastures to be fully reflected within the modelling. 

 Representation of the Team Valley floodplain by the use of a 2D TuFLOW model 
linked to the ISIS model.  This will allow flow routes within the floodplain to be 
adequately reflected and will allow the prediction of flood depth and velocity 
information to help understand the flood hazard.  

Once the River Team model has been updated there are a number of possible options that 
can be integrated into the modelling to improve the understanding of the combined flood risk 
within the valley.  These are described below. 

3.2 Black Burn & Lady Park Burn Tributaries 
The addition of short reaches of the Black Burn and Lady Park Burn tributaries into the River 
Team model.  This has the benefit of allowing the impact of high water levels on Team on the 
discharge potential of the tributaries to be evaluated (this has currently been considered in 
isolation).  Both tributaries would be linked to the 2D model of the floodplain at open channel 
sections and at manholes predicted to surcharge.  Survey to define cross sections on these 
tributaries would be required if not already available. 

3.3 Representation of the Urban Drainage System 
This modelling option could take many forms of varying levels of complexity.  If Northumbrian 
Water has an existing model of the Team Valley drainage system then this could be used 
directly by any future studies.  In the case that an existing model is not available, four possible 
options, of varying levels of complexity, are provided below; 

1. Truncate hydrological inflows based upon the calculated pipe capacities presented in 
this report.  This will represent inflows from the surface water system but will not 
predict flood risk associated with surface water. 

2. As above with the truncated proportion of the hydrograph routed through the 2D 
TuFLOW model of the floodplain at the CSO. 

3. Simplified Urban Drainage Modelling of the main drainage network on the Team 
Valley bottom.  This is the recommended option and would be undertaken using a 
combination of ISIS (to represent culverted watercourses) and 1D ESTRY sections to 
represent the main surface water drains.  The use of ESTRY is better suited to 
representing piped systems and sections can be hydro-dynamically linked to 
TuFLOW. 

4. Development of an InfoWorks Integrated Catchment Model (ICM) of the fluvial and 
surface water system in the Team Valley.  An ICM model represents the river channel, 
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urban drainage network and floodplain (and the linkages between these) in a single 
software package and so would remove the requirement of the 1D and 2D hydraulic 
modelling outlined in Section 3.1. The development of an ICM model would fully 
represent the integrated flood risk issues within the Team Valley but would be reliant 
on the provision of sewer network data including pipe invert levels from Northumbrian 
Water. 

3.4 Modelling Scenarios 
Once developed, the flood risk model would be run for a number of different scenarios. These 
are likely to include the full range of design events. As the fluvial and urban drainage systems 
respond differently to rainfall, it is anticipated that it will be necessary to consider the impact of 
varying storm durations and rainfall intensity for each event (configured within separate 
models) to identify the full extent of the integrated flood risk. In addition to this, model runs 
would be undertaken to update the Environment Agency's Flood Map and help identify the 
tidal flood risk within the Team Valley in addition to wider sensitivity testing.  

In addition to the above once developed, the model could be used look at flood management 
options within the Team Valley, including the possible extension to flood storage provided at 
Lamesley pastures. 

3.5 Indicative Project Costs 
Indicative costs for developing the type of models outlined above are provided in Table 3-1. 
These do not include the costs associated with project management and reporting. 

   
Table 3-1: Indicative Modelling Costs 

Task Cost 
ISIS-TUFLOW Approach 
Hydrological Analysis & Development of a 1D-2D linked model* of the 
Team 

£10-15k 

Addition of Lady Park Burn & Black Burn Tributaries £3k 
Addition of Urban Modelling  Option 1 - 
Addition of Urban Modelling  Option 2 £1k 
Addition of Urban Modelling  Option 3 £3 -5k 

Total (inc  urban option 3) £16-23k 
InfoWorks ICM Approach 
InfoWorks ICM model* (independent of the above ISIS-TUFLOW ) £30-35k 
Notes; *Choice of software dependant upon Environment Agency / Gateshead Council preferences 
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Appendices 

A Team Valley System Analysis - Supplementary 
Information 

A.1 Calculation of Pipe Capacity 
When undertaking the assessment of pipe capacity as part of the Inception Stage of the study, 
a number of assumptions have been made.  These are listed below. Many of these 
assumptions will be removed or refined by the detailed modelling work to be undertaken as 
part of the second (main) stage of the study. . 

 The method assumes the pipe system upstream of the outfall (that may include 
several branches) is sufficiently sized to convey rainwater to the outfall and that there 
are no smaller constrictions within the system. 

 The calculation of pipe capacity does not take into account other parameters such as 
hydraulic gradient, the efficiencies and condition of the system and potential 
blockages. 

 The analysis assumes that there is no export of flood flows outside of the catchment 
to the Sewage Treatment Works. Similarly, the calculations do not take into account 
any foul water contributions. 

 There is the assumption that all outfalls are free flowing.  In reality, high water levels in 
the River Team have the potential to affect the discharge from the urban drainage 
system.  
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A.2 Delineation of Inflow Boundaries 
To help understand the contribution of flow from the urban catchments within the lower 
reaches of the River Team (adjacent to the Trading Estate) and the potential for integrated 
flood risk, inflow catchments have been delineated using a combination of the FEH-CD ROM, 
ArcHydro and the Northumbrian Water Sewer Network. 

Urban Catchments 

Inflow boundaries for the heavily urbanised parts of the catchment beyond the Trading Estate, 
particularly on the right hand bank of the River Team have been initially defined based on the 
Northumbrian Water Drainage Areas and refined into smaller areas based on Northumbrian 
Water sewer plans provided by Gateshead Council for the study.  Using this data, the urban 
catchments draining to the several surface water outfalls or Combined Sewer Outfalls (CSO's) 
that discharge into the River Team have been defined by working backwards up through the 
system from the outfalls and analysing the flow direction within the urban drainage network. 

When delineating the catchment boundaries, the complexity of the combined sewer system 
that is interconnected in places, has meant that a number of assumptions have had to be 
made to simplify the process and avoid overlapping catchment areas.  These assumptions are 
noted in Appendix A.  

Surface Water & Highway Drains within the Team Valley Trading Estate 

There are a number of surface water drains servicing the Team Valley Trading Estate, which 
discharge directly into the River Team.  In comparison to the urban areas discussed above, 
many of these serve a relatively small catchment area and have been combined into larger 
sub-catchments (for example Catch L9/L10).  Given this, the derivation of inflow estimates for 
these areas has not been the focus of this Inception Study, as the influence of inflows from 
these catchments on the River Team is considered to be negligible, compared with the inflow 
from the larger urban catchments.  The main outfalls into the River Team are located on 
Figure 2-2. 

In addition to the surface water drains, the River Team will also receive inflows from Highway 
drains (A1) via fluvial catchments such as Black Burn and Lady Park Burn drain.  Based upon 
the catchment area the Highway drains serve, they again have not been considered in any 
detail as part of the Inception Stage but will need to be considered further as part of any future 
work. 

Fluvial Inflows 

The larger fluvial catchments, for example, Black Burn and Lady Park Burn have been defined 
and digitised using the FEH CD-ROM (version 3).  These boundaries have been improved 
where appropriate using ArcHydro, a GIS water resources tool that delineates catchments 
based upon a Digital Elevation Model (DEM), in this case, filtered LiDAR data.   

The catchment boundary of the River Team taken from the FEH CD-ROM has been compared 
to the revised boundary produced using the methods above.  Using these methods, the 
definition of the catchment boundaries has been improved, particularly in the urban areas.  As 
the majority of the River Team catchment falls upstream of the study area, these 
improvements have not had a significant impact upon the overall catchment area that drains 
into the River Tyne.   

Assumptions 

When delineating the catchment boundaries, the complexity of the combined sewer system 
that is interconnected in places, has meant that a number of assumptions had to be made to 
simplify the process and avoid overlapping catchment areas.  These assumptions are noted 
below:  

 Catch R3/ Bensham & Shipcote combined sewer - This system has two CSO's that 
drain into the River Team, one that drains via the River Tyne and a connection which 
takes the combined surface water and foul water to the Sewage Treatment Works.  
These outfalls have been discussed with the Drainage Engineer at Gateshead Council 
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(Jimmy Young) and it is considered likely that the two outfalls into the River Team act 
as the main outfalls, given the topography and based upon distance.  This will be 
taken into consideration when calculating pipe capacities.   

 Catch R17 and R20/ Chowdene combined sewer - There are two CSO's in close 
proximity to each other that drain into Chowdene Drain.  These outfalls have been 
combined into one catchment (Catch R17).  This combined sewer is also connected to 
Catch R19 and Catch R20, but they have been split into separate catchments by 
Chowdene drain.   

 Catch L2, L3 and L4/ Lobley Hill combined sewer - These catchments can outfall into 
the River Team via two CSO's linked to Catch L11 (Black Burn drain) or via Catch L1.  
Given the sloping topography towards the River Team and the distance from the River 
Team outfalls, it was considered appropriate to have these catchments draining via 
Catch L11.  This also provides a conservative estimate for the Team Valley and Black 
Burn, as L1 drains downstream of the Trading Estate.  

 Catchments with numerous CSO's in one system - Unless otherwise specified, these 
urban catchments have been broken up based on CSO e.g. the total area draining 
upstream of an outfall is assumed to drain to the most upstream CSO.  In reality, the 
flow within the combined sewer could be retained within in the system and discharged 
further downstream at the next outfall.   

 Catch L1 – This combined sewer has one outfall into the River Team and one outfall 
that can drain into the River Tyne.  Given the topography in the area, it has been 
assumed that this catchment drains solely into the River Team.   

 Catch R16/ Catch R21/ Smithy Lane – The combined sewer represented by Catch 
R21 splits into several pipes at Ravensworth Golf Course.  One of the pipes drains 
around the surface water catchment Catch R16 (Harlow Green/ Allerdene) and has 
been assumed to drain to the surface water system along Smithy Lane.  Note: The 
Smithy Lane surface water catchment is upstream of the A1/ Trading Estate and has 
therefore the catchment boundary has not been delineated directly as part of the 
study.   

 There is overlap between the combined and surface water systems at Catch R11, 
Catch R14, Catch R19 and Catch R20.  This needs to be bourn in mind when viewing 
the catchment boundaries and this would be fully resolved in any future modelling 
study.   
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A.3 Application of the ReFH Method 

Rural and Upstream Inflows 

For the rural upstream catchment of the River Team and the Black Burn and Lady Park Burn 
catchments (catchments L11 and L14) that have URBEXT 2000 values less than 0.15, a 
standard ReFH model has been developed for each catchment based on a 1 hour storm 
duration and catchment descriptors extracted from the FEH CD-ROM.  Within the ReFH 
boundaries, the catchment area has been updated based upon the new boundaries derived 
for the study. 

Urban Inflows 

The remaining three key inflows, L1, R3 and R16 are heavily urbanised and have URBEXT 
values much greater than 0.15.  Such a high degree of urbanisation means that the response 
from these catchments will not be well predicted using the standard ReFH model that has 
been developed and calibrated for rural catchments and therefore the method developed by 
Thomas Kjeldsen (2009) has been used to improve the accuracy of predicted urban inflows. 
This method, that will be included in the Environment Agency's Flood Estimation Guidelines to 
be released later this year, calculates the urban and rural response of the catchment 
separately by developing two ReFH models to represent the varying response of different 
parts of the catchment.  It is considered to be a new way of improving rainfall-runoff estimates 
within urban areas and has already been successfully applied to a number of urban 
catchments by JBA Consulting.  The three key steps in the method are: 

1. Division of Catchment - The first step in the process is to divide the catchment into 
its urban and rural components.  For the study, the extent of the urban area present in 
each catchment has been assessed using OS MasterMap, with buildings, roads, 
track, paths and rail structures used to define impermeable areas.  The rural 
component is assumed to be the remaining area within the catchment (calculated by 
subtracting the calculated urban area from the total catchment area).  These rural and 
urban areas have been used to define two ReFH models for the two components 
based upon catchment descriptors taken from a neighbouring catchment on the FEH-
CD ROM.   

2. Calculation of Flow for Urban Areas - In order to represent the high percentage 
runoff that occurs in urban areas, as a result of the impermeable nature of the ground, 
the percentage runoff value within the ReFH model is artificially increased by the 
method to 70%.  As percentage runoff is not used directly by ReFH this was 
calculated by reducing the Cmax (max soil moisture capacity in mm) parameter by 
trial and error.  For example, the Cmax value for Catch R3 (Bensham and Shipcote) 
was reduced to 42 from 365, in order to ensure that 70% of the rainfall during the 
0.5% AEP event was effective.  The URBEXT 2000 value used for the urban ReFH 
models was also set at a consistent value of 0.5.  The hydrograph generated to reflect 
urban adjustment represents the faster routing of water through the urban catchment 
and produces a 'peaky' hydrograph compared with the standard (rural) ReFH model. 

3. Calculation of Flow for Rural Areas - These flows were estimated using the 
standard ReFH model, i.e. without adjustment of the Cmax value.  However, the 
URBEXT 2000 value was set at zero and the catchment area updated to represent 
the rural element of the catchment. 

Hydrograph Addition & Analysis 

The two hydrographs produced were then added together to produce one inflow for each 
urban catchment.  The Figure below illustrates the Bensham and Shipcote catchment. 
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Addition of the predicted Hydrographs for Rural and Urban Areas within the Bensham and 
Shipcote (R3) Catchment Based upon a 1 Hour Storm Duration 
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