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Summary Table 
 

Site location Chellaston Lane, Boulton Moor, Derby. 
 
Grid reference – 440009, 331947 
 

  
Existing site 

 
Highway and agricultural 

 
Proposed development Roundabout 

  
Flood Zone 
 
 
 
Reservoir Inundation Zone 

1 (the band of flooding reported as Flood 
Zone 3 indicates in-channel water rather 
than floodplain. 
 
None 
 

Surface water flooding Minor 
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1.0 Introduction 
 
1.1 This Flood Risk Assessment (FRA) has been prepared for the use of JSC Farming and Central 

Land Holdings Ltd to support a planning application for the creation of a four arm 
roundabout on Chellaston Lane, Boulton Moor, in Derby (see below). 
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2.0 Forms of Flooding   
 

Watercourses 
  
2.1 The extent of Flood Zone 3 shown along the line of the Thulston Brook represents in channel 

water as opposed to an actual floodplain (i.e. water extending beyond the banks of the 
river). 
 

2.2 The appended flood modelling report for the Thulston Brook confirms that, within the 
redline boundary, flows remain in channel for the 1 in 100 annual probability event (Flood 
Zone 3) with and without climate change, and the 1 in 1,000 annual probability event.  
 

2.3 The appended flood modelling report supported a Flood Map challenge in 2016 and the 
results of the model were used to redraw the Flood Map for Planning in February 2017 (see 
correspondence in Appendix A and image below). 

 

 
Extract from the JBA Thulston Brook flood model 

 
2.4 The site does not therefore include land within Flood Zone 3.   
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Surface water flooding 
 

2.5 Surface water flooding (Figure 4) is also confined to the Thulston Brook, as well as the 
Chellaston Lane roadside ditch.  
 
Surface Water Sewers  
 

2.6 Severn Trent sewer plans (included in Appendix A) show surface water sewers serving the 
residential development to the west of the site.   
 
Groundwater 

 
2.7 The ground investigation suggests that the underlying geology may support seasonal 

waterlogging and shallow groundwater levels.   
 
Reservoirs 
 

2.8 The site is not within a reservoir inundation zone (refer to Figure 2). 
 
Flood Risk  
 

2.9 None of the sources of source of flooding identified above are likely to result in flooding at 
the proposed roundabout and do not therefore post any notable risk to the development.  
The proposed development is also not likely to have a notable impact on any existing 
floodwater in the area (in terms of being able to divert or displacing it). 
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3.0 Surface Water Management  
 
3.1 Intrusive ground investigations and infiltration testing in the area show that infiltration rates 

are low, but within a range which may support the disposal of site runoff via infiltration.  In 
light of the potentially shallow groundwater however, surface water runoff from the 
proposed roundabout will be discharged (as is currently the case) to the Thulston Brook.   
 

3.2 Runoff from the increased impermeable area associated with the creation of the roundabout 
will be attenuated and discharged at the calculated annual greenfield rate of 3.5 l/s/ha. 
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4.0 Conclusions 
 
4.1 The proposed development is not considered to be subject to significant or unmanageable 

flooding from the sources identified in the Flood and Water Management Act 2010 (FWMA).  
 

4.2 Surface water runoff from the increased impermeable area will be attenuated and 
discharged to the Thulston Brook a rate of 3.5 l/s/ha.  
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Executive Summary  
JBA carried out a hydrological assessment and a flood mapping study of the Thulston Brook and a 
tributary to the south in relation to the proposed re-planning of the District Centre within the Boulton 
Moor Phase 1 development, located in Derby. 

The FEH Statistical method was used to generate flow estimates in the modelled catchment. 

A 1D-2D hydraulic model of the Thulston Brook and its tributary was developed using the latest 
version of the Flood Modeller-TUFLOW modelling package.  The 1D channel representation of the 
model was built with Flood Modeller, using channel survey data collected in June 2016.  A 
composite of LIDAR data and topographic survey data was used to represent ground levels within 
the floodplain. 

The model was run for the 20-year (5% AEP), 100-year (1% AEP), 100-year (1% AEP) with climate 
change and 1,000-year (0.1% AEP) fluvial flood event. 

The model results indicate that the Thulston Brook and its tributary have sufficient capacity to 
accommodate the 1 in 100-year flows with climate change (modelled as a 30% increase in flow 
value) however; flooding will occur near the junction between the Thulston Brook and its tributary 
during the 1 in 1,000-year (0.1% AEP) flood event, with flood levels varying between 39.41m AOD 
and 39.73m AOD. 

The results from the sensitivity analysis indicate that the model is sensitive to changes to flow values 
(as most of the modelled flows remain in-bank) and is moderately sensitive to changes in roughness 
value and downstream boundary conditions. 

The results from the blockage risk analysis indicate that a 50% blockage at the A6 Road culvert will 
generate localised flooding at the junction between the Thulston Brook and its tributary, with peak 
water level of up to 39.72m AOD. 

It is recommended that modelled water levels quoted in this report are considered by the Flood Risk 
Assessment when setting relevant flood mitigation measures (e.g. minimum Finished Floor Level). 
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1 Introduction  
1.1 Terms of reference 

Cannon Consulting Engineers commissioned JBA Consulting to undertake a hydraulic modelling 
study of the Thulston Brook related to the development site known as Boulton Moor Phase 1, 
located in Derby. 

1.2 Background 
The proposed development is for a re-planned District Centre on the permitted Boulton Moor 
Phase 1 site.  The Thulston Brook flows in an easterly direction through the site.  A detailed 
hydraulic modelling study of this watercourse was undertaken in 2014/2015 for the Boulton Moor 
Phase 1 land parcels to the south of Snelsmoor Lane (adjacent to the site's western boundary) 
however; the earlier model was insufficient to inform flood risk and flood mechanisms to this site. 

1.3 General Approach 
To understand flood risk and flood mechanisms that may affect the District Centre, a 1D-2D Flood 
Modeller-TUFLOW hydraulic model was produced to allow accurate representation of flood 
depths, velocities and hazard within the site boundary.  Flow estimates used by the hydraulic 
model were derived following a hydrological analysis of the Thulston Brook catchment. 

The hydraulic model's sensitivity to flow, downstream boundary and roughness values was tested 
in order to improve confidence in the model results within the development site boundary.  
Following this review, the model was used to simulate the effect of the 20-year, 100-year, 100-
year with climate change and 1,000-year fluvial flood events.  
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2 Approach 
2.1 Model Geometry 

2.1.1 Data availability 
The Thulston Brook running through the proposed District Centre site has previously been partially 
modelled as part of the Boulton Moor residential development scheme.  Unfortunately, the 
modelled geographical extent did not represent the land drain crossing the site and the 
development site was too close to the downstream model boundary.  As a result, Grantham Coates 
Surveys (GCS) were commissioned to collect topographic survey of the channel in June 2016.  
The survey consisted of 17 cross sections at regular intervals along the Thulston and its tributary, 
and included key hydraulic structures (see Appendix B).  Typically, cross section survey was 
gathered from the upstream face of any structure, however; on structures of considerable length 
(such as the A6 Road culvert) channel survey was also collected at the downstream face. 

LIDAR data was obtained from the open Data Gov website to represent ground levels within the 
floodplain.  The LIDAR data used has a grid resolution of 1m.  To provide greater level of detail, 
site topographic survey provided by the client (see Appendix A) was also converted into a DTM 
and read into the model.     

2.1.2 Input Data Quality Assessment 
A QA check of the GCS channel survey data, compared to the topographic survey data provided 
by the client, was undertaken.  Results highlighted a good correlation between both datasets.   

Another QA check was also conducted between the topographic survey and the LIDAR data.  The 
results highlighted a good correlation between both datasets with differences in elevation of less 
than 100mm within the majority of the development site. 

The results from the QA check are provided in Appendix C. 

2.1.3 Model extent and build 
The hydraulic model represents the Thulston Brook and its unnamed tributary (also locally known 
as the Southern Brook), as illustrated in Figure 2-1   

The modelled reach representing the Thulston Brook extends from Colwell Drive (approximately 
330m upstream of the site boundary) to 1550m downstream of the B5010 (approximately 330m 
downstream of the site boundary).  The modelled reach representing the Thulston Brook's tributary 
extends from Snelsmoor Lane (south-west corner of the development site) to its confluence with 
its receiving watercourse, approximately 15m upstream of the A6 Road culvert.  In total, the model 
represents approximately 1.6km of the Thulston Brook and its tributary. 

The channel was represented in 1D using Flood Modeller (v4.1.5742.30303), constructed from 
channel topographic survey data collected in June 2016.  The cross section and structure data 
from the channel survey was trimmed to the top of bank and linked to the 2D TUFLOW domain 
representing the floodplain.  The TUFLOW 2D domain (modelled using the latest version of the 
software - 2016-03-AA-iSP-w64) has an area of 0.69km2, with a 1m grid resolution.  The orientation 
of the grid is north west to south east, representing the main direction of floodplain flows.  The 1D 
and 2D domain can be seen in Figure 2-1.   
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2.2 Model Boundary Conditions 

2.2.1 Model inflows 
A hydrological assessment was carried out on the Thulston Brook catchment. Flow-time 
hydrographs for the 20-year (5% AEP), 100-year (1% AEP), 100-year with climate change, and 
1,000-year (0.1% AEP) flood events were estimated using the FEH Statistical method.  The 
hydrological assessment is documented in Appendix E. 

2.2.2 Climate Change 
In line with the new Guidance on Climate Change issued by the Environment Agency in February 
20161, the effect of climate change was assessed by increasing peak flows by 30% (Humber river 
basin district, higher central allowance category for the 2080's). 

2.2.3 Downstream boundary conditions 
The downstream boundary condition in the 1D domain was set as a 'normal depth' Flood Modeller 
unit with a 1 in 1,332 slope; this correspond to the slope of the channel immediately downstream 
of the B5010 Road. 

In the 2D domain, a HQ 'normal depth' boundary condition was used with a 1 in 281 slope across 
the Left Hand Bank (LHB) floodplain and 1 in 201 slope across the Right Hand Bank (RHB) 
floodplain.  These slopes were derived from LIDAR data. 

2.2.4 Initial Conditions 
To improve the overall model stability, initial water levels were set in the model using the water 
levels observed by GCS during their survey in June 2016.  

2.3 Calibration 
No detailed historical flood records specific to the modelled reaches were received from Derby 
City Council or the Environment Agency.   

Broad-scale historic and recorded flood outlines were initially obtained from the government 
dataset website2 for comparison purpose but were later discarded from this modelling study as a) 
these outlines do not account for the last 40-50 year of urbanisation in the area and b) do not 
account for channel restoration work which took place in the early 1990's. 

As a result, the Thulston Brook hydraulic model is uncalibrated. 

2.4 Model Runs 

2.4.1 Modelled Scenarios 
The following flood scenarios were simulated using the Thulston Brook hydraulic model: 

 [Base-line scenario]  20-year (5% AEP) flood event - existing condition scenario 
 [Base-line scenario]  100-year (1% AEP) flood event - existing condition scenario 
 [Base-line  scenar io]  100-year (1% AEP) plus Climate Change - existing condition 

scenario 
 [Base-line scenario]  1000-year (0.1% AEP) flood event - existing condition scenario 
 [Sensit iv it y analys is]  100-year (1% AEP) flood event with +20% increase in roughness 

value 
 [Sensit iv it y analysis]  100-year (1% AEP) flood event with +20% increase in peak flows 
 [Sensit iv it y analys is]  100-year (1% AEP) flood event with +250mm increase in peak 

water level at the downstream model boundary  
 [Blo ckage risk analys is]  100-year (1% AEP) plus Climate Change flood event with a 

50% blockage at the A6 Road culvert.  
  

                                                      
1 https://www.gov.uk/guidance/flood-risk-assessments-climate-change-allowances 
2 https://data.gov.uk/dataset/recorded-flood-outlines1 
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3.2 Model sensitivity 
Model sensitivity was tested for increases in flow, roughness and changes to the downstream 
boundary.  The analysis of the model sensitivity runs is included in Appendix G. 

The outcome of the sensitivity analysis indicates that the Thulston Brook model results are 
sensitive to changes in flow values and moderately sensitive to changes in roughness and 
downstream boundary conditions.  The sensitivity to changes in flow value is expected as the 
100-year flows remain in-bank during the whole simulation. 

3.3 Blockage Risk Analysis. 
The effect of a 50% blockage to the 2m high x 4m wide (approximate dimension) A6 Road culvert 
was simulated.  The 2D model results are represented in Figure 3-3. 

Figure 3-3: 50% Blockage Scenario - 100-year with climate change Flood Levels 

 
Figure 3-3 indicates that, during the 100-year with climate change flood scenario, a 50% blockage 
at the A6 Road culvert will generate localised flooding at the junction between the Thulston Brook 
and its tributary.  The maximum water level recorded at this location is 39.72m AOD. 

No flooding will occur within the remainder of the site. 
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4 Conclusions and Recommendations 
4.1 Conclusion 

JBA carried out a hydrological assessment and a flood mapping study of the Thulston Brook and 
a tributary to the south in relation to the proposed re-planning of the District Centre within the 
Boulton Moor Phase 1 development, located in Derby. 

The model results indicate that the Thulston Brook and its tributary have sufficient capacity to 
accommodate the 1 in 100-year flows with climate change (modelled as a 30% increase in flow 
value) however; flooding will occur near the junction between the Thulston Brook and its tributary 
during the 1 in 1,000-year (0.1%AEP) flood event, with flood levels varying between 39.41m AOD 
and 39.73m AOD. 

The results from the sensitivity analysis indicate that the model is sensitive to changes to flow 
values (as most of the modelled flows remain in-bank) and is moderately sensitive to changes in 
roughness value and downstream boundary conditions. 

The results from the blockage risk analysis indicate that a 50% blockage at the A6 Road culvert 
will generate localised flooding at the junction between the Thulston Brook and its tributary, with a 
peak water level of up to 39.72m AOD. 

4.2 Recommendations 
It is recommended that the modelled water levels quoted in this report are considered in the Flood 
Risk Assessment when setting relevant flood mitigation measures (e.g. minimum Finished Floor 
Level). 
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Appendices 
A Appendix A - Topographic survey 
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B Appendix B - Channel survey 
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C.2 LIDAR data versus topographic survey data 
Figure C-1: Difference in Elevation (Topographic survey data VS. LIDAR) 
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E Appendix E - Hydrological Assessment 
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Abbreviations 
AM................................... Annual Maximum 

AREA .............................. Catchment area (km2) 

BFI .................................. Base Flow Index 

BFIHOST ........................ Base Flow Index derived using the HOST soil classification 

CFMP .............................. Catchment Flood Management Plan 

CPRE .............................. Council for the Protection of Rural England 

FARL ............................... FEH index of flood attenuation due to reservoirs and lakes 

FEH ................................. Flood Estimation Handbook 

FSR ................................. Flood Studies Report 

HOST .............................. Hydrology of Soil Types 

NRFA .............................. National River Flow Archive 

POT................................. Peaks Over a Threshold 

QMED ............................. Median Annual Flood (with return period 2 years) 

ReFH .............................. Revitalised Flood Hydrograph method 

SAAR .............................. Standard Average Annual Rainfall (mm) 

SPR................................. Standard percentage runoff 

SPRHOST ...................... Standard percentage runoff derived using the HOST soil classification 

Tp(0) ............................... Time to peak of the instantaneous unit hydrograph 

URBAN ........................... Flood Studies Report index of fractional urban extent 

URBEXT1990 ................. FEH index of fractional urban extent 

URBEXT2000 ................. Revised index of urban extent, measured differently from URBEXT1990 

WINFAP-FEH ................. Windows Frequency Analysis Package – used for FEH statistical method

 
 





























 

 

 

 

 

 Offices at 
 
Coleshill 
Doncaster 
Dublin 
Edinburgh 
Exeter 
Haywards Heath 
Limerick 
Newcastle upon Tyne 
Newport 
Saltaire 
Skipton 
Tadcaster 
Thirsk 
Wallingford 
Warrington 
 
Registered Office 
South Barn 
Broughton Hall 
SKIPTON 
North Yorkshire 
BD23 3AE 
 
 
t:+44(0)1756 799919 
e:info@jbaconsulting.com 
 
 
 
Jeremy Benn Associates Ltd 
Registered in England 
3246693 

  

 

 

 

Visit our website 
www.jbaconsulting.com 
 

 



 
 

2016a4438 - Thulston Brook Hydraulic Modelling Study - FINAL v2.0.docx XVII 
 

F Appendix F - Detailed 1D Model Results 
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G Appendix G - Sensitivity Analysis 
The hydraulic model was tested for sensitivity to key model parameters which might impact flood 
risk at the proposed development site.  This included the following scenarios: 

 Increasing flows by 20% (i.e. the 100-year plus climate change event) 
 Increasing the Manning’s n values by +20%.  This was both in the Flood Modeller 1D 

channel and in the 2D TUFLOW domain. 
 Increasing the downstream boundary by 250mm in the 1D. 

The following sections discuss the impacts of this sensitivity scenarios. 

G.1 Sensitivity to flow 
Figure D-1 shows the changes in peak water level compared to the baseline 100-year event when 
an increase of 20% is applied to all inflows.   

Figure D-1: Change in peak water levels with the 100-year +20% increase in flow  

 
Figure D-1 indicates there is a maximum increase in peak water level of 120mm at node 
TRIB_0017Ci (where the unnamed tributary approaches the junction with the Thulston Brook).   
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Overall the model results are relatively sensitive to change in flow value.  This is due to the fact that 
the 100-year flows remain in-bank and thus alterations made to the model will occur over a confined 
area. 

G.2 Sensitivity to roughness 
Figure D-2 shows the changes in peak water level compared to the baseline 100-year event when 
an increase of 20% is applied Manning’s ‘n’ in both the 1D and 2D domains.   

Figure D-2: Change in peak water levels with the 100-year +20% increase in Manning’s ‘n’ 

 
Figure D-2 indicates there is a maximum increase in peak water level of 90mm at node THUB_1179 
(upstream of the site boundary).  Overall the model results are moderately sensitive to change in 
roughness values.   
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G.3 Sensitivity to downstream boundary conditions 
Figure D-3 shows the changes in peak water level compared to the baseline 100-year event when 
an increase of 250mm is applied to the downstream 'stage-time' model boundary condition.   

Figure D-3: Change in peak water levels with the 100-year +250mm at the downstream boundary 
condition 

 
Figure D-3 indicates that the increase in boundary condition generates a maximum increase in peak 
water level of up to 90mm within the development site boundary (node THUB_0424D, at the 
upstream face of the A6 Road Culvert). This result indicates that the model is moderately sensitive 
to changes in downstream boundary condition.  
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