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Summary Table 
 

Site location Land between Chellaston Lane and the A6, 
Boulton Moor, Derby, DE72 3UX. 
 
Grid reference – 440009, 331947 
 

Planning application Outline 
 

Existing site 
 
Site area 
 

Agricultural 
 
Approximately 12.68 ha 

Proposed development Mixed use 
  

Flood Zone 
 
 
Reservoir Inundation Zone 

Predominantly 1, small area of 2 in the 
east 
 
None 
 

Surface water flooding None 
  

Surface water management Greenfield discharge (QBAR) to the local 
watercourse/ditch network.  
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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 an outline planning application for a mixed use development 
on land between Chellaston Lane and the A6 in Boulton Moor, Derby, Derbyshire (refer to 
Figure 1 for the site location). 
 

1.2 The proposed development comprises: 
 
A District Centre comprising the erection of new buildings to accommodate Use Classes E (a)-
(f), a Transport Mobility Hub and Petrol Filling/Electric Charging Station. Residential 
dwellings, a retirement home, a care home, a community facility, and associated road 
infrastructure, landscaping, services, and engineering works. Outline application with all 
matters reserved except the northern access. 

1.3 The southern part of the site forms part of the wider Boulton Moor 1 (BM1) site, which 
received outline planning permission (for mixed use development) as the result of a 
successful appeal in 2009 (South Derbyshire planning reference 9/2005/0611) with an 
application to extend the time limit for the implementation of this outline application 
approved in November 2011 (LPA reference 9/2010/1134)..   
 

1.4 This assessment takes account of the National Planning Policy Framework (NPPF) and the 
definitions of sources of flooding within the Flood and Water Management Act (FWMA) 
2010.  This report has been prepared following several site visits, a site specific flood 
modelling exercise, and the granting of a flood risk activity environmental permit for 
realignment of a section of the Thulston Brook (the watercourse which runs south-
eastwards through the site). 
 

1.5 Policies SD2 and SD3 of the South Derbyshire Local Plan (SDLP) Part 1 reference flood risk 
and surface water management.  In line with the NPPF, the policies promote the avoidance 
of development in areas of flood risk and the management of development runoff to avoid 
an increase in post development runoff rates.  Both policies promote the inclusion of 
Sustainable Drainage Systems (SuDS) for the treatment and storage of runoff.  

 
1.6 The site extends to some 12.68 ha and is approximately centred on Ordnance Survey grid 

reference 545144, 112823.  The majority of the site is currently undeveloped agricultural 
land.  The exception to this is the recently constructed access road in the south-western 
corner of the site.  This road, roundabout and associated drainage are therefore extant and 
do not form part of the proposals supported by this FRA. 
 

1.7 The site is divided into two parcels/catchments by the Thulston Brook.  The Thulston Brook 
is a designated Main River which flows in from the west, beneath Chellaston Lane, follows a 
broad south-easterly route through the site and then exists beneath the A6.  The Thulston 
Brook has a notable kink towards the middle of the site.  This kink will be removed as part of 
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the realignment of the Thulston Brook as per the environmental permit issued by the 
Environment Agency (EA), permit reference EPR/LB3758XJ.  The proposed route of the 
Thulston Brook is shown on the illustrative layout in Appendix B.  The realignment of the 
brook will also involve improving the cross sectional form of the channel to add a low flow 
channel with a slight meander.  To support the environmental permit the proposed brook 
was tested with a hydraulic model to make sure that the proposed works did not increase 
flooding elsewhere.  A copy of the model and a drawing showing the proposed route of the 
realignment which supported the permit application are included in Appendix A. 

 
1.8 The overall shape of the site is a semi ovoid.  The western boundary is marked by Chellaston 

Lane, with residential development beyond, the eastern boundary is marked by the A6, and 
the northern (curved) boundary is marked by Shardlow Road and Chellaston Lane.  The 
southern boundary is formed by the Southern Brook, an ordinary watercourse which flows 
eastwards for approximately 380 m before turning northwards and joining the Thulston 
Brook before it flows beneath the A6.  The land to the south of the site benefits from 
planning permission for residential development, construction of which is currently 
underway by Persimmon under the name Buttercup Leys.  The permitted and partly 
complete development is shown on the illustrative layout in Appendix B.  
 

1.9 Although the site is best located using the surrounding roads it is worth noting that the site 
boundary does not extend all of the way to the roads and is set back by several metres.   
 

1.10 The dominant slope direction of the part of the site to the north of the Thulston Brook is 
southwards (toward the brook) with a cross fall to the east.  The dominant slope of the 
southern part of the site is eastwards, falling towards the A6.  Levels across the site range 
between approximately 42.0 (in the north) and approximately 39.9 m AOD (in the east, 
adjacent the Thulston Brook).  A topographical survey is included in Appendix A.  
 

1.11 The site is separated from Chellaston Lane by a road drainage ditch.  The ditch is in the order 
of 900 mm deep and runs parallel to the road from the roundabout to the north of the site 
and continues southwards, beyond the site.  Site levels suggest that the ditch does not 
receive any overland flow from the site itself.  Road runoff is conveyed to the ditch via 
several gullies which are evident at regular intervals.  The ditch is open save for a field access 
at the north-western ‘corner’ of the site.  The ditch appears to discharge directly to the 
Thulston Brook or Southern Brook as applicable.  The ditch lies outside of the redline 
boundary for the majority of its run.  Where the proposals do interact with the ditch (which 
appears to be limited to the northern site access) permission will be sought from the Lead 
Local Flood Authority (LLFA) for its diversion and/or replacing section of it with a suitable 
pipe/culvert. 

 
1.12 British Geological Survey (BGS) mapping shows that the site is underlain by the sands and 

gravels of the Allenton Terrace Deposits, over the Branscombe Mudstone.  Intrusive 
investigations (including infiltration testing) have been undertaken at the site.   
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1.13 The site does not lie in a groundwater source protection zone (refer to Figure 3). 
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2.0 Forms of Flooding   
 

Watercourses 
  
2.1 The majority of the site lies in Flood Zone 1 (the low probability area) and is not therefore 

considered to be at risk of inundation from a tidal source, a named river, or other 
significantly sized watercourse (refer to Figure 2).  A small area of zone 2 is indicated in the 
east of the site (associated with the low lying land where the Southern Brook meets the 
Thulston Brook upstream of the A6 but this has been kept free of development.   
 

2.2 The proposed development falls either within the more vulnerable or less vulnerable flood 
vulnerability categories as defined by the flood risk and coastal change section of the 
Planning Practice Guidance.  The recently updated climate change guidance suggests that an 
increase of 29 % should be applied to peak river flows when testing a flood model for 
climate change for more and less vulnerable land uses.  The flood modelling of the Thulston 
Brook and Southern Brook includes an increase in peak river flow of 30 % to allow for 
climate change and is therefore applicable to the proposals. 

 
Surface water flooding 
 

2.3 Surface water flood mapping (Figure 4) does not show any notable flooding on the site.  This 
is in line with expectations given that the site is effectively separated from the surrounding 
land by the surrounding roads, ditches, and watercourses which will all act to intercept 
overland flow from outside of the site. 
 

2.4 The highway drainage ditch which serves Chellaston Lane is not considered to pose a notable 
threat to the proposed development given the limited size of the catchment, the capacity of 
the ditch (it has an approximate cross section of 1.0 m2) and effectively free discharge to 
either the Thulston or Southern Brooks.  Were the ditch to become overloaded by an 
extreme storm event to the point where is broke its banks then flows would tend to be 
routed around the edges of the development into the Thulston or Southern Brook (in the 
various landscaping strips.   

 
Surface Water Sewers  
 

2.5 Severn Trent sewer plans (included in Appendix A) show surface water sewers serving the 
residential development to the west of the site.  The network is not considered to pose a 
particular risk of flooding to the proposal.  Any flows arising from overloading of the network 
would be unlikely to reach the site as overland flow without first being intercepted by the 
Chellaston Lane and its associated drainage ditches. 
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Groundwater 
 
2.6 The ground investigation suggests that the underlying geology may support seasonal 

waterlogging and shallow groundwater levels.  The outline layout allows for any 
groundwater which emerges at the surface to be routed (as shallow sheet flow) towards the 
two watercourses running through/around the site.  The detailed level design process will 
set appropriate external levels to help any emerging groundwater to exit the site and/or be 
directed around the proposed buildings rather than entering them. 
 
Reservoirs 
 

2.7 The site is not within a reservoir inundation zone (refer to Figure 2).  
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3.0 Surface Water Management  
 
3.1 Intrusive ground investigations and infiltration testing at the site 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 the outline attenuation scheme (in 
Appendix B) is based on the precautious assumption that an attenuated discharge will be 
required, and secures sufficient space for said attenuation.  If the results of groundwater 
monitoring show that groundwater levels are consistently low enough to support a shallow 
infiltration scheme then this will be revisited at the Discharge of Conditions stage. 
 

3.2 Runoff from the proposed impermeable catchment will be managed in various sub-
catchment attenuation facilities and discharged at the calculated annual greenfield rate of 
3.5 l/s.  
 

3.3 The outline surface water management scheme is shown on the drawing in Appendix B and 
comprises open basins for the residential parcels, and a mix of open basins and tanks for the 
commercial parcels to the north of Thulston Brook.   

 

3.4 The impermeable catchment plan in Appendix B shows the location of the various 
catchments and their respective attenuation facilities.  It also includes a table of the 
approximate volumes of each facility.   
 

3.5 Attenuation calculations for each sub catchment are included in Appendix B and show the 
performance of each facility during the 1 in 100 annual probability event with a 40 % 
allowance for climate change.  The impermeable area for the residential catchments 
assumes that 65 % of each area will be developed as impermeable cover.  Typically an 
assumption of 65 % inherently includes an allowance for urban creep.  The impermeable 
areas for the commercial catchment have been measured from the illustrative layout (for 
which urban creep is not relevant).   
 

3.6 Although the application is in outline, the commercial parcel includes space for roadside 
SuDS features (grassed filter drains, SuDS planters etc).  The illustrative commercial layout 
therefore allows space to include treatment for road runoff before it enters the proposed 
basins (these features are indicated on the outline surface water management plan in 
Appendix B). 
 

3.7 All car parks will drain into the network and/or attenuation via permeable paving. 
 

3.8 All flow controls will be housed in a control chamber with appropriate in-chamber  
protection provided.  Upstream filter boxes (stone filled gabion baskets) to prevent debris 
from entering the control chamber will also be included for all basins.   
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Treatment 
 

3.9 Based on Table 26.2 in the SuDS Manual the highest pollution hazard level for the site would 
be ‘medium’ (based on the busier roads) with scores/ratings of 0.7, 0.6 and 0.7 for total 
suspended solids (TSS), metals, and hydrocarbons respectively. 

3.10 The combination of proposed roadside SuDS (which can be considered as less effective bio-
retention areas with regards to the treatment of runoff) for the busier roads and basins is 
considered to provide a suitable level of treatment for the development runoff. 

 
3.11 As discussed above the roadside SuDS are more analogous to bio-retention facilities than 

swales.  Assigning the roadside SuDS scores listed for a swale in Table 26.3 of the SuDS 
Manual is therefore a suitably conservative approach.  The combined treatment scores for 
water passing through the roadside SuDS, then the basins are therefore: 
 
TSS – swale 0.5 + basin (0.5 x 0.5) = 0.75 
Metals – swale 0.6 + basin (0.5 x 0.5) = 0.85   
Hydrocrabons – swale 0.6 + basin (0.5 x 0.6) = 0.9 
 

3.12 Runoff from the commercial car parks will pass through permeable paving prior to entering 
the proposed tanks.  The treatment scores for permeable paving are 0.7, 0.6, and 0.7 
respectively.  Permeable paving is therefore able to provide sufficient treatment for the 
proposed land uses. 
 

3.13 Roadside SuDS for the residential parcel will be determined at the Discharge of Condition 
stage.  Given the various options available for providing SuDS features upstream of an 
attenuation facility (permeable paving, tree pit ‘gullies’, grassed filter drains, SuDS planters 
etc) the appropriate treatment should be readily achievable. 
 
Maintenance 
 

3.14 Maintenance of the surface water system serving the commercial parcels will be undertaken 
by a private management company and remain the responsibility of the site owner operator. 
 

3.15 Maintenance of the surface water system serving the residential parcels would be offered to 
Severn Trent Water (as part of the evolving national stance on SuDS adoption).  Any 
elements which do not fall under Severn Trent’s responsibility will be maintained by a 
communally funded private management company.   
 

3.16 Suggested maintenance activities for the various elements of the outline strategy are shown 
on the maintenance plan in Appendix B. 
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Miscellaneous 
 

3.17 Potential water pollution associated with the proposed the filling station/electric charging 
station will be managed in the usual way by providing a canopy to separate ‘clean’ rainfall 
runoff from mixing with/mobilising pollutants (oil and fuel spills etc) within the forecourt.  
Forecourt drainage will be designed at the detailed design stage. 
 

3.18 Any separate drainage scheme for service yards, washdown areas etc (which may require 
connection to a wastewater network or specialist treatment) will be designed at the 
appropriate detailed design stages.  The outline attenuation calculations are suitably 
precautious as they assume that runoff from all of the established commercial catchments 
will drain to the surface water management scheme.   
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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 proposals will be discharged to the Thulston Brook or 
Southern Brook at a rate of 3.5 l/s/ha.  
 

4.3 The proposed surface water attenuation provides sufficient on-site storage to manage the 1 
in 100 annual probability storm plus 40 % climate change allowance. 
 

4.4 The proposed surface water management facilities provide a suitable level of treatment, or 
allow for a suitable level of treatment to be provided at the later Discharge of Condition 
stage. 
 

4.5 Maintenance of the surface water management facilities would be determined at the 
appropriate later stages.   
 

4.6 The proposed attenuation scheme accords with the general principles promoted by national 
and local policy.  
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Executive summary  

Thulston Brook intersects land permitted for development at Boulton Moor, Derby. 

The proposed works require a small section of the brook to be straightened in order to 

facilitate development. A site walkover was conducted by members of the JBA ecology 

and geomorphology teams to determine any constraints to the proposed works or 

opportunities for enhancement. The site visit built on previous survey work dating 

between 2005 and 2018 undertaken by Penny Anderson Associates (PAA).  

With respect to ecology, JBA did not find any additional constraints on site as flagged 

in the 2018 surveys by PAA, with the exception of the potential for the site to support 

reptiles in low numbers. Recommendations for the avoidance of harm to reptiles 

seeking refuge in the debris on site are provided in this report. Fresh evidence of 

Badger activity on site was identified in the walkover survey, indicating that Badger 

are foraging and commuting locally. Further bat surveys are also likely to be required 

should the works be delayed beyond September 2020 and dependent on the exact 

nature of the works/the extent of felling of trees on site. It is recommended that 

where possible, vegetation is retained and protected during the works. Where this is 

not possible, compensatory planting should be undertaken. All de-vegetation works 

should be undertaken outside of the nesting bird season (March to September) or 

preceded by a nesting bird check and subject to its findings. 

A conceptual design has been produced for the realignment of the Thulston Brook.  

Whilst the proposed realignment involves straightening the river corridor to facilitate 

the permitted development, the conceptual design comprises a sinuous channel 

planform in which low flows would be conveyed through a narrower channel to 

improve morphological conditions in the Thulston Brook.  The dimensions of the 

realigned section of channel have been based on identified analogue sites; however, 

the design is conceptual and will need to be developed further.  A list of design risks 

and constraints have been identified and ‘next steps’ recommended in order to 

develop the conceptual design to outline and detailed design stages.    

This report comprises the baseline geomorphology and ecology assessments and 

details of the conceptual design.  Separate reports have been prepared to document 

the Preliminary WFD Assessment (Appendix A) and the hydraulic modelling results 

(Appendix B).  
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1.3 Methodology 

The site was visited by JBA Ecologist Catherine Porter and JBA Geomorphologist Rebecca 

Thrower on 13th June 2019. A site walkover was conducted following Thulston Brook and 

the perimeter of the site. Observations were recorded using GISmapp, JBA’s bespoke iOS-

based mobile data capture tool. This allows full data capture on an iPad in the field of 

geolocated photographs and spatial data that is then synced in real time using the mobile 

phone network with our servers out in the field. 

1.3.1 Hydromorphology 

A hydromorphology survey was undertaken to record features of the channel, riparian zone 

and floodplain, such as the channel geometry, flow conditions, bed substrate and any 

depositional or erosional features.  The watercourse was surveyed through the study area 

and the reach upstream.   

The findings of the hydromorphology field survey have been supplemented by information 

gathered during the desk-based assessment.  This includes research of the local geology, 

flow regime and land-uses as well as a historical map analysis to understand the local and 

wider controls on system functioning.  The hydromorphology assessment is presented in 

Chapter 2 and provides the necessary baseline understanding to inform the concept design, 

and the WFD Assessment.   

1.3.2 Ecology 

The ecology survey sought to provide an update to previous ecology surveys completed on 

site. These were completed by Penny Anderson Associates Ltd (PAA). in 2005, 2007, 2008 

and 2018. The most recent reports written in September and October 2018 respectively, 

comprised a bat survey report and an extended phase 1 habitat survey (PAA, 2018 and 

PAA, 2018a). These documents provided the framework for this report, with the survey 

conducted in June 2019 building on this existing data. This report does not attempt to 

replicate these reports, rather to highlight any notable changes that have occurred since 

October 2018.  

1.4 Limitations 

The dense field margin lining Thulston Brook may have obscured field signs of Otter Lutra 

lutra and Water Vole Arvicola amphibius. Dense Ivy Hedera Helix cladding obscured many 

of the potential roosting features present on mature tree species lining Thulston Brook.  

The depth of the channel meant it was not possible to observe the bed substrate within the 

study area.  However, inferences have been made based on the channel upstream.    

Access was not possible downstream of the study area.  
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2 Hydromorphology  

2.1 Catchment Overview 

The Thulston Brook is a small tributary watercourse that flows into the River Derwent south 

of Draycott, Derbyshire.  It rises on Boulton Moor and flows in a predominantly easterly 

direction towards the Derwent.  The Lower Derwent catchment is a mixed rural and urban 

catchment that comprises the city of Derby and large villages, as well as agricultural land.   

The Thulston Brook is ungauged and there is no suitably located gauge on the River 

Derwent through which the flow regime might be inferred.  However, it can be assumed 

from the gentle topography that the Thulston Brook is relatively slow to respond to heavy 

rainfall events, although urbanisation of the upper catchment will have increased the 

flashiness of the flow regime.  

2.2 Water Framework Directive 

The Thulston Brook is not defined under the Water Framework Directive as a stand-alone 

water body.  Instead, it falls within Derwent from Bottle Brook to Trent water body 

(GB104028053240) which is designated as Heavily Modified (EA, 2019).  The current 

overall status of this water body is ‘Moderate’ (2016) and has been since 2013.  Each 

quality element within the Ecological Status is classified as ‘Moderate’, with only the 

Chemical Status managing to achieve and sustain a ‘Good’ status.  

2.3 Historical channel change 

The present-day course of the Thulston Brook through the site is largely unchanged 

compared to historical maps.  However, the land-use in the vicinity of the site has changed 

considerably, with the majority of the land-cover in the late 1800s occupied by agriculture.   

The course of the river at the site, and indeed at several other locations, seem to follow 

field boundaries and the unnatural ‘kink’ in the channel planform at the site, suggests the 

watercourse was historically realigned along the field boundary. 

The headwaters of the Thulston Brook have been modified and the upper catchment heavily 

urbanised since the Industrial Revolution.  Further modifications to the catchment and 

watercourse include the construction of the major road networks, which has seen parts of 

the river channel straightened (such as at the downstream extent of the site).   

2.4 Contemporary conditions 

The hydromorphology walkover assessment was undertaken on the 13th June 2019.  Heavy 

rain had fallen in the catchment prior to the survey; however, conditions on the day were 

relatively dry.  Access downstream of the site was note possible.  The locations of the 

photos presented in this section are shown on Figure 2-1. 
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• There may be sub-surface constraints that could affect the positioning of the 

channel, such as services or contaminated land; these will need to be 

investigated at the next design phase 

• The realignment of the brook is likely to cause a reduction in channel length of 

approximately 20m (existing section is approximately 150m while the realigned 

length extends to 130m).  This could influence hydraulics and trigger a 

hydromorphic response, in which localised velocities are marginally increased.  

The impact of this could be beneficial to the watercourse if fine sediment is 

flushed through by the higher energy; however, it will be imperative to create a 

sinuous course to avoid degraded morphological state observed upstream.  

• The works are constrained by the presence/potential presence of the following 

protected groups: reptile, badger, bat and breeding bird. Recommendations to 

avoid disturbing or harming these species are given within Section 5.3.1 of this 

report.  

• Where possible, habitat loss should be minimised, with mature trees and 

hedgerows retained. This may present a constraint to the works design to make 

allowances for habitat retention and enhancement on site.  

4.3 Concept design 

To improve hydromorphological functioning, the realigned channel has been designed to 

encourage healthy sediment transport and morphological diversity, which should provide a 

range of ecological habitats.  The following criteria should be adhered to:  

• The channel should be sufficiently sized to encourage sediment transport 

expected to operate during different flow conditions 

• The channel width and shape should be heterogenous and not uniform, to 

encourage preferential wetting and diversity in flows 

• The inside and outer bends should display a range of bank slopes, with the inside 

bends shallower and the outer banks steeper, to add variability to the channel 

• The berm features (i.e. those forming the 'benches' of the channel above the low 

flows channel) should be sloped and curved rather than flat to vary the 

proportion of the berm that is submerged as the water level increases 

• The planform should be more heterogenous and not straight to encourage 

hydromorphic processes of erosion and deposition 

The conceptual plan for the route of the proposed realignment is shown in Figure 

4-6, with indicative cross-sections shown in Figure 4-4 and Figure 4-5 below to 

illustrate the proposed channel shape and desired functioning.  









 

BEM-JBAU-XX-00-RP-EN-0001-A1-P01-Thulston_Brook_Realignment 

 

 

 

21 

 

5 Conclusions and Recommendations 

5.1 Summary of baseline environmental conditions 

5.1.1 Hydromorphology 

The Thulston Brook through Boulton Moor is a low energy, lowland river system.  The 

planform is straight (thought to be a result of historic physical modification rather than a 

natural feature) and channel geometry relatively uniform, which creates homogenous flow 

conditions and a lack of morphological diversity.  Through the permitted development site, 

there does appear to be some variation to the channel shape, with some of the banks at 

shallower gradient than others; however, morphological diversity is still low. 

The channel is disconnected from its floodplain through the study area.  This has affected 

sediment transport mechanisms and crucial linkages between the river system and 

exacerbating fine sediment issues in-channel (flood flows are not able to deposit fine 

sediment on the floodplain during receding flows).  Upstream the channel has been recently 

dredged (Derby City Council, 2017b), compounding the low energy nature of the 

watercourse through a uniform and overly-deep channel.   

Biodiversity in the Thulston Brook appears high, with a diverse range of plants within the 

riparian zone.  However, the low energy nature of the river, worsened by over-widening, 

has created conditions in which in-channel vegetation thrives.  The channel is now mostly 

choked with emergent vegetation.   

5.1.2 Ecology 

The site offers low to moderate ecological value, with the Brook and riparian vegetation 

offering the highest value on site. This most recent survey (2019), did not identify any 

additional constraints (further to the 2018 survey), except for the potential of the site to 

support reptiles in low numbers. Recommendations regarding reptiles are given below in 

Section 5.3.1. As such, the recommendations and observations of the two most recent 

survey reports compiled by PAA remain valid.  

5.2 Key conceptual design risks and constraints 

The design and plans produced for the Thulston Brook for this study are conceptual and 

cross-sections have been prepared as indicative only.  Further work and investigations will 

need to be made during subsequent design phases.  Key constraints and risks are outlined 

below:   

• The depth of the channel and the gradient is constrained by bed elevations of 

the local, existing channel and by floodplain levels 

• The dimensions of the channel have been inferred from existing sections and 

from analogue sites; hydraulic modelling has not been used to inform the design, 

but will be required at a later design stage 

• Channel bed and bank levels will need to be confirmed during the next design 

phase and results should be analysed in terms of sediment transport to ensure 

conditions are suitable to prevent siltation 

• There may be sub-surface constraints that could affect the positioning of the 

channel, such as services or contaminated land; these will need to be 

investigated at the next design phase 

• The works are constrained by the presence/potential presence of the following 

protected groups: reptile, badger, bat and breeding bird. Recommendations to 

avoid disturbing or harming these species are given within Section 5.3.1 of this 

report.  
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• Where possible, habitat loss should be minimised, with mature trees and 

hedgerows retained. This may present a constraint to the works design to make 

allowances for habitat retention and enhancement on site.  

5.3 Recommendations 

5.3.1 Ecology 

Habitats 

The vegetation in and adjacent to Thulston Brook was diverse and of moderate ecological 

value. It is recommended that where possible, the flora of the site is maintained or 

replaced like-for-like (where possible), using species of local provenance. Emphasis should 

be placed on retention as a priority, with protection throughout the works. The scheme 

should consider filling in the gaps within hedgerows and tree lines to improve connectivity 

on site (PAA, 2018).  

Badgers 

The works may cause disturbance to Badgers foraging locally. It is recommended that, to 

limit disturbance to Badger, night-time working should be avoided. All materials should be 

stacked securely, and all excavations should be covered overnight to prevent exploration by 

Badger. If this is not possible, excavations should be left with an escape ramp of no greater 

than 45 degrees. If night-time working is required all lighting should be downward facing, 

directional and fitted with a cowl to prevent light spill and directed away from areas of 

scrub. 

Bats 

The recommendations given in the recent bat survey report (compiled by PAA in 2018), 

remain valid following the updated survey. Whilst many of the trees on site could not be 

fully assessed from the ground, it is believed that the potential roosting features identified 

in the 2018 report have not altered and that there still remains a risk of roosting bats. 

Therefore, a licence would still be required from Natural England should works require 

arboricultural operations and should works affect Tree 6 (as defined in PAA, 2018), an 

emergence survey and more detailed inspection of potential roosting features would be 

required. The 2018 bat survey report also details recommendations for lighting and habitat 

retention/replacement. Should a bat be found on site during works, works must cease, and 

a licenced bat ecologist contacted immediately.  

Birds 

The nesting potential within the site area was considered to be moderate and removal of 

vegetation where necessary could have an adverse impact to nesting birds. The removal of 

vegetation should be conducted outside of the breeding season (March - September, 

inclusive), or preceded by a nesting bird survey by a suitably qualified ecologist. Any nests 

found should be safeguarded until the chicks have successfully fledged. 

Reptiles  

The site is unlikely to support great numbers of reptiles but as a precaution, piles of debris 

on site should be dismantled by hand under the supervision of an experienced Ecologist 

prior to removal. In addition, site materials should be securely stored on site so as to limit 

potential refugia for reptiles.  

5.4 Next Steps 

The following action plan recommends the next steps that should be undertaken to develop 

the concept design and progress towards detailed design, which will be required prior to 

construction.  The following steps are recommended as a guide; however, other steps or 

tasks may be identified during the design process.  

 



 

BEM-JBAU-XX-00-RP-EN-0001-A1-P01-Thulston_Brook_Realignment 

 

 

 

23 

 

• Develop design concepts further to outline design stage 

o Undertake detailed low flows modelling to determine suitable channel 

dimensions and hydromorphic features (i.e. height of in-channel berms, 

dimension and spacing of pool riffle sequences) 

o Consider how protected species and habitats would be managed during and 

following the works to ensure minimal disturbance and impact 

o Devise a plan for the riparian zone that benefits local ecology and considers 

any nearby analogue sites that are in good condition 

o Consider any further site constraints not investigated during this commission; 

for example, whether any ground investigation works, or heritage assessments 

are needed prior to construction 

o Undertake further survey work, such as sub-surface search to identify any 

utilities or services, that will be needed to inform the design 

o Consider how banks and access will be managed following the works and if 

they will be maintained 

• Prepare detailed designs 

o Prepare necessary design documents (e.g. Designers Risk Assessment, 

General Arrangement drawing, Sections drawings)  

o Prepare methodology for how the works will be undertaken 

• Apply for relevant permits or licences 

o For example, an Environmental Permit may be required; this will require 

design drawings and an updated WFD Assessment to assess whether the 

designed scheme is compliant with WFD objectives 

o Any other licences or permits identified as necessary during the design phases 
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Appendices 

A Preliminary Water Framework Directive Assessment 
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Carbon Footprint 

A printed copy of the main text in this document will result in a carbon footprint of 140g if 

100% post-consumer recycled paper is used and 178g if primary-source paper is used.  

These figures assume the report is printed in black and white on A4 paper and in duplex. 

JBA is aiming to reduce its per capita carbon emissions.  
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1 Introduction 

1.1 WFD Overview 

The Water Framework Directive (WFD) came into force in 2000 and is the most substantial 

piece of EU water legislation to date.  All new activities in the water environment will need to 

take the Directive into account.  The Directive imposes legal requirements to protect and 

improve the water environment. 

1.1.1 Scope of the WFD Assessment 

The EU Water Framework Directive was transposed into law in England and Wales by the 

Water Environment (Water Framework Directive) (England and Wales) Regulations 2003.  

The 2003 regulations were consolidated and replaced with the Water Environment (Water 

Framework Directive) (England and Wales) Regulations 2017.  The Directive requires that 

Environmental Objectives be set for all surface and ground waters in England and Wales to 

enable them to achieve Good Status (or Good Ecological Potential for Heavily Modified and 

Artificial Water Bodies) by a defined date.  These Environmental Objectives are listed below: 

• Prevent deterioration in the status of aquatic ecosystems, protect them and 

improve the ecological condition of waters. 

• Aim to achieve at least good status/potential for all water bodies by 2021.  Where 

this is not possible and subject to the criteria set out in the Directive, aim to 

achieve good status/potential by 2027. 

• Meet the requirements of Water Framework Directive Protected Areas. 

• Promote sustainable use of water as a natural resource. 

• Conserve habitats and species that depend directly on water. 

• Progressively reduce or phase out the release of individual pollutants or groups of 

pollutants that present a significant threat to the aquatic environment. 

• Progressively reduce the pollution of groundwater and prevent or limit the entry 

of pollutants. 

• Contribute to mitigating the effects of floods and droughts. 

1.1.2 Preventing Deterioration in Status 

Any activity which has the potential to have an impact on the ecology of a water body will 

need consideration in terms of whether it could cause deterioration in its Ecological Status or 

Potential1. 

For each water body, three different status objectives are identified within the RBMP. These 

are the overall status objective, the ecological status or potential objective and the chemical 

status objective. A default objective for all water bodies is to prevent the deterioration in the 

Ecological Status (or Ecological Potential for Heavily Modified and Artificial Water Bodies) of 

the water body. Note, the Ecological Status applies only to surface water bodies, and not 

ground water bodies. A separate assessment may be required to assess the impacts on the 

chemical and quantitative status of a ground water body, if the proposed activity is likely to 

cause impact.  

The Ecological Status of a water body is determined through analysis of its constituent 

Biological Quality Elements. These elements are in turn supported by a series of Physico-

Chemical and Hydromorphological Quality Elements. These Quality Elements are taken from 

Annex V of the Directive and are listed below. The overall Ecological Status is determined by 

the lowest element status. 

———————————————————————————————————————————— 

1 Environment Agency (2010) Assessing new modifications for compliance with WFD: detailed supplementary guidance: 488_10_SD01 
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The Biological Quality Elements assessed in the WFD include: 

• Fish 

• Invertebrates 

• Macrophytes 

• Phytobenthos 

The WFD defines the flow, shape and physical characteristics of a watercourse as its 

‘hydromorphology’.  Any in-channel works can impact upon the shape of a watercourse and 

the natural processes that occur within it, including: 

• Flow patterns 

• Width and depth of a channel 

• Features such as pools, riffles, bars and bank slopes 

• Sediment availability/ transport 

• Interaction between a channel and its floodplain 

• Ecology and biology (i.e. habitats which support plants and animals) 

The WFD considers the chemistry of a watercourse through general water quality (physico-

chemical measurements) and chemical pollutants.  All three environmental components; 

morphology, hydrology and chemistry, support the Biology of a water body. 

Any activity that has the potential to have an impact upon any of the Quality Elements will 

need consideration in terms of whether it could cause a deterioration in the status of a water 

body.  The activity will also need to be considered in terms of whether it will compromise the 

ability of the water body to reach Good Ecological Status or Good Ecological Potential by the 

date specified in the Catchment Data Explorer. 

Any adverse impacts can cause a water body's ecology to deteriorate and prevent 

environmental improvements from being undertaken.  Nevertheless, in-channel works can 

also be beneficial if they can be designed to help achieve environmental improvements 

included in the RBMP, thus enhancing the water environment for plants and animals. 

1.1.3 Artificial or Heavily Modified Water Bodies 

Whilst good ecological status is defined as a slight variation from undisturbed natural 

conditions in natural water bodies, artificial and heavily modified water bodies are unable to 

achieve natural conditions.  Instead, artificial and heavily modified water bodies have a 

target to achieve Good Ecological Potential, which recognises their important uses, whilst 

making sure ecology is protected as far as possible.  Ecological potential is also measured on 

the scale high, good, moderate, poor and bad.  The chemical status of these water bodies is 

measured in the same way as for natural water bodies. 

Specific mitigation measures have been identified for each Artificial and Heavily Modified 

Water body and are listed in the RBMP.  These mitigation measures are necessary to reduce 

the existing hydromorphological impacts on the water body and all measures need to be in 

place in order for the water body to achieve Good Ecological Status or Potential. 

1.2 Purpose of this WFD Assessment 

JBA Consulting was commissioned by JSC Farming Ltd and Central Land Holdings Ltd to 

undertake a WFD assessment for a proposed realignment of a section of the Thulston Brook 

in Derby. 

This WFD assessment constitutes a Preliminary Assessment as it has been 

prepared during the first stage of the design process, in which only a conceptual 

design is available.  This Assessment is intended to inform the design process and 

to demonstrate whether the works have the potential to be WFD-compliant; it will 

need to be updated during the detailed design stage to assess whether the works 

are compliant with WFD before construction can begin.  
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This Preliminary WFD Assessment aims to determine the effects of the proposed realignment 

on ecological, hydromorphological and chemical quality and identify any potential impacts 

that could cause deterioration in the current status of the water body or could hinder the 

water body from meeting its WFD objectives in the future. 

The Thulston Brook is not defined under the Water Framework Directive as a standalone 

water body.  Instead, it falls within Derwent from Bottle Brook to Trent water body 

(GB104028053240) which falls within the Humber River Basin District (RBD).  The 

Environmental Objectives, together with the specific actions (mitigation measures) 

necessary to enable the water body to meet these objectives, are set out in the Humber 

River Basin District River Basin Management Plan (RBMP) (Environment Agency (EA), 2009) 

and Catchment Data Explorer (EA, 2019). 
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comprises biology, hydrology, hydromorphology and water chemistry, and the water body 

objectives.  

The following assessment objectives are then used to determine whether the proposed 

works comply with the overarching objectives of the WFD.  These objectives were derived 

from the Environmental Objectives of the Directive (as listed in section 1.2). 

• Objective 1: The proposed scheme does not cause deterioration in the Status of 

the Ecological Elements of the water body. 

• Objective 2: The proposed scheme does not compromise the ability of the water 

body to achieve its WFD status objectives. 

• Objective 3: The proposed scheme does not cause a permanent exclusion or 

compromised achievement of the WFD objectives in other bodies of water within 

the same RBD. 

• Objective 4: The proposed scheme contributes to the delivery of the WFD 

objectives. 

In order to establish whether the strategy complies with the WFD it is necessary to ascertain 

whether the preferred options have the potential to result in: 

• Failure of a water body to achieve Good Ecological Status or Potential; or 

• Failure to prevent a deterioration in the Ecological Status or Potential of a water 

body 

If the answer to these questions is ‘no’ the strategy can be considered WFD compliant.  If 

either of these failures is identified and if any receptors are identified as ‘at risk’, further 

assessment may be required to identify if the strategy meets all of the conditions set out by 

the WFD Legislation. 

2.4 Impact Assessment 

The third stage of the WFD Assessment, if determined as necessary from the Screening and 

Scoping Assessments, is to undertake an Impact Assessment to consider the impacts of the 

proposed scheme in more detail and recommend necessary mitigation measures.  An impact 

assessment must be carried out for each receptor identified during scoping as being at risk 

from your activity. 

The Impact Assessment describes how any identified impacts from the proposed scheme will 

be mitigated, to either avoid or minimise the impacts.  The assessment shows how any 

impact on WFD receptor caused by the proposed activity fits with the objectives of any 

affected WFD water bodies.  After the works have been amended to try and avoid, minimise, 

mitigate or compensate for the risks to WFD receptors the following questions will need to 

be answered: 

• Could the activity still cause a water body to deteriorate from one WFD status 

class to another or cause significant localised impacts that could contribute to this 

happening? 

• Could the activity prevent or undermine action to get water bodies to good 

status? 

When these questions are answered, the following should be borne in mind: 

• A water body deteriorates in status when one WFD receptor (an "element") is 

affected such that it drops from one WFD status class to another. 

• A significant localised impact on an element is one that is either long-lasting; 

causes severe harm; or affects a wide area within a water body.  These are likely 

to contribute to a water body dropping from one status to another and highly 

likely to prevent action to get water bodies to good status. 
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• Elements at high status are very sensitive.  The assessment will need to 

demonstrate that there will be a negligible impact on those aspects of the water 

environment 

• Elements at bad status must not be made worse. 

If it cannot be demonstrated with a high level of confidence that the activity supports RBMP 

objectives then, in order for the Environment Agency to permit the activity, it must be 

shown that the activity meets the criteria set out in Article 4(7) of the WFD.  Article 4(7) 

sets out stringent environmental and socio-economic tests to assess if a scheme meets strict 

environmental and sustainability criteria. 
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There are no Drinking Water Safeguard Zones (Groundwater) within 2km of the works area, 

however there is one Drinking Water Safeguard Zone (Surface Water) within the works area:  

• Humber (SWSGZ2302) Church Wilne Res & Lower Derwent.  

4.6 Summary 

To conclude the Screening Assessment, the following quality elements need to be considered 

further within the Scoping Assessment:   

• Derwent from Bottle Brook to Trent 

o Biological Elements 

o Hydromorphological Elements 

o Physico-chemical Elements 
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7 Discussion and Conclusions 

7.1 Assessment Summary 

Although the Thulston Brook is classified as main river, it is not defined under the Water 

Framework Directive as a standalone water body.  Instead, it falls within Derwent from 

Bottle Brook to Trent water body (GB104028053240) which falls within the Humber River 

Basin District (RBD).  For the purposes of this assessment, the status and objectives of the 

Derwent from Bottle Brook to Trent water body have been applied to the Thulston Brook.  

The status of this water body is Moderate.  The objectives according to the EA Catchment 

Data Explorer is for this water body to maintain this status and not let it deteriorate.  

The assessments detailed in this report are based on the information presented in the 

accompanying Thulston Brook Realignment report, which documents the findings of the 

baseline assessments.  These comprise existing knowledge of the site and waterbody gained 

from desk study information, previous surveys and the most recent ecological and 

geomorphological walkover assessments.  

A concept design of the realignment is presented within the accompanying Thulston Brook 

Realignment report.  Although the final designs for the scheme have not been completed, 

provided the recommendations and mitigation measures given in this report are fully 

implemented, it is anticipated that there will be no deterioration to WFD status, and the 

scheme is likely to be WFD compliant.  The final design of the scheme, in particular, the 

design of the channel realignment, associated planting scheme and detailed works 

methodologies will be required to conclude the WFD assessment process with regards to 

each of the quality elements identified in the Impact Assessment.  

This report constitutes a Preliminary WFD Assessment, given that only a 

conceptual design of the proposed works is available at this stage.  This 

assessment should be used to inform the design process and demonstrates that 

the works have potential to be WFD-complaint, provided the recommendations and 

mitigation measures outlined in this report are incorporated into the permanent 

and temporary works designs.  Once a detailed design has been prepared, this 

report should be updated to assess whether the scheme is WFD-compliant before 

submission to any permit application.  

 

7.2 Scheme Recommendations/Key Considerations 

The impact assessment determines whether the proposed works have the potential to 

significantly impact any of the quality elements screened into the assessment.  Any 

mitigation measures that need to be considered to make the works compliant with the WFD 

are presented in Table 6-1; however, the critical ones are listed below.  

7.2.1 Channel realignment design 

The design appraised in this assessment is conceptual and will need to be refined in more 

detail going forward.  The design of the new channel should follow the design principles 

outlined in the accompanying report3.  It should ensure hydromorphological functioning is 

improved rather than degraded, by narrowing the channel during low flow conditions and 

reducing the potential for siltation.  Low flows modelling should be undertaken to design in-

channel features such as the berms, or riffle and pool features, and to understand how 

sediment transport will be impacted by the works.    

 

 

———————————————————————————————————————————— 

3 BEM-JBAU-XX-00-RP-EN-0001-Thulston_Brook_Realignment 
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7.2.2 Pollution Prevention 

Appropriate mitigation measures should be implemented to ensure that habitats within 

proximity of the works are not degraded as a result of pollution events during the 

construction phase.  This mitigation should include:  

• Following relevant guidance e.g. CIRIA Guidance: Control of water pollution from 

construction sites. Guidance for consultants and contractors (C532D) (Masters-Williams, 

2001), including the implementation of toolbox talks.  

• Any chemical, fuel and oil stores should be located on impervious bases within a secured 

bund with a storage capacity 110% of the stored volume.  

• Biodegradable oils and fuels should be used where possible.  

• Drip trays should be placed underneath any standing machinery to prevent pollution by 

oil/fuel leaks.  Where practicable, refuelling of vehicles and machinery should be carried out 

on an impermeable surface in one designated area well away from any watercourse or 

drainage (at least 10m).  

• Best practice sediment management techniques should be followed, and silt curtains 

should be used during any construction works within a watercourse.  Additionally, 

monitoring of Dissolved Oxygen levels throughout the works should be put in place.  

• Emergency spill kits should be available on site and staff trained in their use.  

• Operators should check their vehicles on a daily basis before starting work to confirm the 

absence of leakages.  Any leakages should be reported immediately.  

• Daily checks should be carried out and records kept on a weekly basis and any items that 

have been repaired/replaced/rejected noted and recorded.  Any items of plant machinery 

found to be defective should be removed from site immediately or positioned in a place of 

safety until such time that it can be removed.  

7.2.3 Invasive Non-Native Species and Biosecurity 

Appropriate biosecurity measures should be implemented throughout the works, including:  

• Ensure all Personal Protective Equipment (PPE) and equipment is clean prior to entering 

and leaving site.  

• Ensure vehicles are kept clean and do not let mud and debris accumulate on wheels or 

under wheel arches.  Keep vehicular access to a minimum.  

• Follow Check-Clean-Dry approach 

(http://www.nonnativespecies.org/checkcleandry/index.cfm).  

7.2.4 Fish 

The following measures should be implemented to protect fish on site:  

• The Local Fisheries Officer from the Environment Agency should be contacted for area-

specific advice for suitable works timings.  

• If possible, the works should be phased to ensure only partial channel blockage to enable 

fish passage to continue during works.  

• Any de-watering works should be supervised by a suitably experienced person to 

undertake a fish rescue.  

• DO is lower in high temperatures, therefore de-watering activities should not be 

undertaken in very hot weather.  

• During any de-watering period, fish friendly pumps should be adopted.  

7.2.5 Temporary Works 

The temporary works should adhere to the following best practice:  
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• Any bed materials to be excavated should be removed and stored on site during the 

construction phase.  Upon completion of the works, all bed materials should be reinstated to 

help facilitate natural bed morphology and re-colonisation by macroinvertebrate fauna.  

• The site compound should be located away from the riverbank.  

• Any de-watering should be localised and not span the entire channel.  

 

7.3 Conclusions 

The proposed works have the potential to be compliant with the WFD objectives (as 

described in Table 6-3) if the appropriate mitigation measures are incorporated into the 

design.  When designing the scheme and the new channel, the proposed works should aim 

to embrace the opportunity to reintroduce a more natural channel through the site, which 

includes the riparian zone, if deemed within the scope of the proposed works.  This could 

result in a positive impact on the biological, chemical and hydromorphological elements of 

the Thulston Brook.  

It is recommended that an experienced geomorphologist and ecologist are involved in the 

detailed design phase and in site supervision during construction of the channel and riparian 

works.  This will help to ensure that the proposed works are as environmentally sensitive as 

possible, and that geomorphological and ecological impacts are minimised during 

construction on any downstream receptor habitats.  

If a sympathetic design is not produced and a high level of mitigation is not implemented as 

part of the proposed scheme, it is possible that WFD objectives will not be satisfied and a 

further assessment against the conditions listed in Article 4.7 may be required.  The 

potential to reduce the WFD status of this waterbody, should be continually re-assessed 

throughout all the design and implementation stages of this project.  

If the recommendations outlined in the initial WFD assessment are used to fully inform the 

detailed design stage of the works, then it is anticipated that the proposed development and 

works to the channel, will not cause deterioration in the status (Moderate Overall Potential) 

of this waterbody.  
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Cannon ConsulƟng Engineers

Flow+ v10.0 Copyright © 1988-2021 Causeway SoŌware SoluƟons Limited

Results for 100 year +40% CC CriƟcal Storm DuraƟon.  Lowest mass balance: 99.99%

Node Event US
Node

Peak
(mins)

Level
(m)

Depth
(m)

InŇow
(l/s)

Node
Vol (m³)

Flood
(m³)

Status

Link Event
(Upstream Depth)

US
Node

Link Ouƞlow
(l/s)

Discharge
Vol (m³)

960 minute winter BASIN 945 99.651 0.851 14.7 296.9380 0.0000 OK

960 minute winter BASIN OriĮce 1.0 53.9
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Results for 100 year +40% CC CriƟcal Storm DuraƟon.  Lowest mass balance: 99.99%

Node Event US
Node

Peak
(mins)

Level
(m)

Depth
(m)

InŇow
(l/s)

Node
Vol (m³)

Flood
(m³)

Status

Link Event
(Upstream Depth)

US
Node

Link Ouƞlow
(l/s)

Discharge
Vol (m³)

960 minute winter BASIN 945 99.679 1.179 33.8 685.0769 0.0000 OK

960 minute winter BASIN OriĮce 2.3 121.6
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Page 1

Flow+ v10.0 Copyright © 1988-2021 Causeway SoŌware SoluƟons Limited

Design Seƫngs

Rainfall Methodology
Return Period (years)

AddiƟonal Flow (%)
CV

Time of Entry (mins)
Maximum Time of ConcentraƟon (mins)

Maximum Rainfall (mm/hr)

FEH-13
100
0
0.950
5.00
30.00
50.0

Minimum Velocity (m/s)
ConnecƟon Type

Minimum Backdrop Height (m)
Preferred Cover Depth (m)

Include Intermediate Ground
Enforce best pracƟce design rules

1.00
Level Soĸts
0.200
1.200
✓
✓

Nodes

Name Area
(ha)

Cover
Level
(m)

Depth
(m)

BASIN 0.280 100.000 1.000

SimulaƟon Seƫngs

Rainfall Methodology
Summer CV

Winter CV

FEH-13
0.950
0.950

Analysis Speed
Skip Steady State

Drain Down Time (mins)

Normal
x
240

AddiƟonal Storage (m³/ha)
Check Discharge Rate(s)

Check Discharge Volume

20.0
x
x

Storm DuraƟons
15
30

60
120

180
240

360
480

600
720

960
1440

2160
2880

4320
5760

7200
8640

10080

Return Period
(years)

Climate Change
(CC %)

AddiƟonal Area
(A %)

AddiƟonal Flow
(Q %)

100 40 0 0

Node BASIN Online OriĮce Control

Flap Valve
Replaces Downstream Link

Invert Level (m)

x
✓
99.000

Design Depth (m)
Design Flow (l/s)

Diameter (m)

1.000
1.0
0.021

Discharge Coeĸcient 0.600

Node BASIN Depth/Area Storage Structure

Base Inf Coeĸcient (m/hr)
Side Inf Coeĸcient (m/hr)

0.00000
0.00000

Safety Factor
Porosity

2.0
1.00

Invert Level (m)
Time to half empty (mins)

99.000

Depth
(m)

Area
(m²)

Inf Area
(m²)

Depth
(m)

Area
(m²)

Inf Area
(m²)

0.000 160.0 0.0 1.000 449.0 0.0
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Flow+ v10.0 Copyright © 1988-2021 Causeway SoŌware SoluƟons Limited

Results for 100 year +40% CC CriƟcal Storm DuraƟon.  Lowest mass balance: 99.99%

Node Event US
Node

Peak
(mins)

Level
(m)

Depth
(m)

InŇow
(l/s)

Node
Vol (m³)

Flood
(m³)

Status

Link Event
(Upstream Depth)

US
Node

Link Ouƞlow
(l/s)

Discharge
Vol (m³)

960 minute winter BASIN 945 99.931 0.931 13.7 279.5323 0.0000 OK

960 minute winter BASIN OriĮce 0.9 46.6
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Flow+ v10.0 Copyright © 1988-2021 Causeway SoŌware SoluƟons Limited

Design Seƫngs

Rainfall Methodology
Return Period (years)

AddiƟonal Flow (%)
CV

Time of Entry (mins)
Maximum Time of ConcentraƟon (mins)

Maximum Rainfall (mm/hr)

FEH-13
100
0
0.950
5.00
30.00
50.0

Minimum Velocity (m/s)
ConnecƟon Type

Minimum Backdrop Height (m)
Preferred Cover Depth (m)

Include Intermediate Ground
Enforce best pracƟce design rules

1.00
Level Soĸts
0.200
1.200
✓
✓

Nodes

Name Area
(ha)

Cover
Level
(m)

Depth
(m)

BASIN 1.530 100.000 0.700

SimulaƟon Seƫngs

Rainfall Methodology
Summer CV

Winter CV

FEH-13
0.950
0.950

Analysis Speed
Skip Steady State

Drain Down Time (mins)

Normal
x
240

AddiƟonal Storage (m³/ha)
Check Discharge Rate(s)

Check Discharge Volume

20.0
x
x

Storm DuraƟons
15
30

60
120

180
240

360
480

600
720

960
1440

2160
2880

4320
5760

7200
8640

10080

Return Period
(years)

Climate Change
(CC %)

AddiƟonal Area
(A %)

AddiƟonal Flow
(Q %)

100 40 0 0

Node BASIN Online OriĮce Control

Flap Valve
Replaces Downstream Link

Invert Level (m)

x
✓
99.300

Design Depth (m)
Design Flow (l/s)

Diameter (m)

0.700
5.4
0.056

Discharge Coeĸcient 0.600

Node BASIN Depth/Area Storage Structure

Base Inf Coeĸcient (m/hr)
Side Inf Coeĸcient (m/hr)

0.00000
0.00000

Safety Factor
Porosity

2.0
1.00

Invert Level (m)
Time to half empty (mins)

99.300

Depth
(m)

Area
(m²)

Inf Area
(m²)

Depth
(m)

Area
(m²)

Inf Area
(m²)

0.000 1984.0 0.0 0.700 3208.0 0.0
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Results for 100 year +40% CC CriƟcal Storm DuraƟon.  Lowest mass balance: 99.99%

Node Event US
Node

Peak
(mins)

Level
(m)

Depth
(m)

InŇow
(l/s)

Node
Vol (m³)

Flood
(m³)

Status

Link Event
(Upstream Depth)

US
Node

Link Ouƞlow
(l/s)

Discharge
Vol (m³)

960 minute winter BASIN 945 99.902 0.602 75.0 1538.3280 0.0000 OK

960 minute winter BASIN OriĮce 5.0 247.7
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Flow+ v10.0 Copyright © 1988-2021 Causeway SoŌware SoluƟons Limited

Design Seƫngs

Rainfall Methodology
Return Period (years)

AddiƟonal Flow (%)
CV

Time of Entry (mins)
Maximum Time of ConcentraƟon (mins)

Maximum Rainfall (mm/hr)

FEH-13
100
0
0.950
5.00
30.00
50.0

Minimum Velocity (m/s)
ConnecƟon Type

Minimum Backdrop Height (m)
Preferred Cover Depth (m)

Include Intermediate Ground
Enforce best pracƟce design rules

1.00
Level Soĸts
0.200
1.200
✓
✓

Nodes

Name Area
(ha)

Cover
Level
(m)

Depth
(m)

BASIN 0.190 100.000 1.000

SimulaƟon Seƫngs

Rainfall Methodology
Summer CV

Winter CV

FEH-13
0.950
0.950

Analysis Speed
Skip Steady State

Drain Down Time (mins)

Normal
x
240

AddiƟonal Storage (m³/ha)
Check Discharge Rate(s)

Check Discharge Volume

20.0
x
x

Storm DuraƟons
15
30

60
120

180
240

360
480

600
720

960
1440

2160
2880

4320
5760

7200
8640

10080

Return Period
(years)

Climate Change
(CC %)

AddiƟonal Area
(A %)

AddiƟonal Flow
(Q %)

100 40 0 0

Node BASIN Online OriĮce Control

Flap Valve
Replaces Downstream Link

Invert Level (m)

x
✓
99.000

Design Depth (m)
Design Flow (l/s)

Diameter (m)

1.000
0.7
0.018

Discharge Coeĸcient 0.600

Node BASIN Depth/Area Storage Structure

Base Inf Coeĸcient (m/hr)
Side Inf Coeĸcient (m/hr)

0.00000
0.00000

Safety Factor
Porosity

2.0
1.00

Invert Level (m)
Time to half empty (mins)

99.000

Depth
(m)

Area
(m²)

Inf Area
(m²)

Depth
(m)

Area
(m²)

Inf Area
(m²)

0.000 146.0 0.0 1.000 546.0 0.0
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Flow+ v10.0 Copyright © 1988-2021 Causeway SoŌware SoluƟons Limited

Results for 100 year +40% CC CriƟcal Storm DuraƟon.  Lowest mass balance: 100.00%

Node Event US
Node

Peak
(mins)

Level
(m)

Depth
(m)

InŇow
(l/s)

Node
Vol (m³)

Flood
(m³)

Status

Link Event
(Upstream Depth)

US
Node

Link Ouƞlow
(l/s)

Discharge
Vol (m³)

960 minute winter BASIN 945 99.674 0.674 9.3 191.7658 0.0000 OK

960 minute winter BASIN OriĮce 0.6 29.2
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Flow+ v10.0 Copyright © 1988-2021 Causeway SoŌware SoluƟons Limited

Design Seƫngs

Rainfall Methodology
Return Period (years)

AddiƟonal Flow (%)
CV

Time of Entry (mins)
Maximum Time of ConcentraƟon (mins)

Maximum Rainfall (mm/hr)

FEH-13
100
0
0.950
5.00
30.00
50.0

Minimum Velocity (m/s)
ConnecƟon Type

Minimum Backdrop Height (m)
Preferred Cover Depth (m)

Include Intermediate Ground
Enforce best pracƟce design rules

1.00
Level Soĸts
0.200
1.200
✓
✓

Nodes

Name Area
(ha)

Cover
Level
(m)

Depth
(m)

BASIN 0.190 100.000 1.000

SimulaƟon Seƫngs

Rainfall Methodology
Summer CV

Winter CV

FEH-13
0.950
0.950

Analysis Speed
Skip Steady State

Drain Down Time (mins)

Normal
x
240

AddiƟonal Storage (m³/ha)
Check Discharge Rate(s)

Check Discharge Volume

20.0
x
x

Storm DuraƟons
15
30

60
120

180
240

360
480

600
720

960
1440

2160
2880

4320
5760

7200
8640

10080

Return Period
(years)

Climate Change
(CC %)

AddiƟonal Area
(A %)

AddiƟonal Flow
(Q %)

100 40 0 0

Node BASIN Online OriĮce Control

Flap Valve
Replaces Downstream Link

Invert Level (m)

x
✓
99.000

Design Depth (m)
Design Flow (l/s)

Diameter (m)

1.000
0.7
0.018

Discharge Coeĸcient 0.600

Node BASIN Depth/Area Storage Structure

Base Inf Coeĸcient (m/hr)
Side Inf Coeĸcient (m/hr)

0.00000
0.00000

Safety Factor
Porosity

2.0
1.00

Invert Level (m)
Time to half empty (mins)

99.000

Depth
(m)

Area
(m²)

Inf Area
(m²)

Depth
(m)

Area
(m²)

Inf Area
(m²)

0.000 146.0 0.0 1.000 546.0 0.0
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Results for 100 year +40% CC CriƟcal Storm DuraƟon.  Lowest mass balance: 100.00%

Node Event US
Node

Peak
(mins)

Level
(m)

Depth
(m)

InŇow
(l/s)

Node
Vol (m³)

Flood
(m³)

Status

Link Event
(Upstream Depth)

US
Node

Link Ouƞlow
(l/s)

Discharge
Vol (m³)

960 minute winter BASIN 945 99.674 0.674 9.3 191.7658 0.0000 OK

960 minute winter BASIN OriĮce 0.6 29.2
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Results for 100 year +40% CC CriƟcal Storm DuraƟon.  Lowest mass balance: 100.00%

Node Event US
Node

Peak
(mins)

Level
(m)

Depth
(m)

InŇow
(l/s)

Node
Vol (m³)

Flood
(m³)

Status

Link Event
(Upstream Depth)

US
Node

Link Ouƞlow
(l/s)

Discharge
Vol (m³)

960 minute winter BASIN 945 99.781 0.781 10.3 212.3730 0.0000 OK

960 minute winter BASIN OriĮce 0.6 31.2
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Results for 100 year +40% CC CriƟcal Storm DuraƟon.  Lowest mass balance: 99.99%

Node Event US
Node

Peak
(mins)

Level
(m)

Depth
(m)

InŇow
(l/s)

Node
Vol (m³)

Flood
(m³)

Status

Link Event
(Upstream Depth)

US
Node

Link Ouƞlow
(l/s)

Discharge
Vol (m³)

1440 minute winter BASIN 1410 99.452 0.452 12.9 395.9080 0.0000 OK

1440 minute winter BASIN OriĮce 0.9 59.3
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Design Seƫngs

Rainfall Methodology
Return Period (years)

AddiƟonal Flow (%)
CV

Time of Entry (mins)
Maximum Time of ConcentraƟon (mins)

Maximum Rainfall (mm/hr)

FEH-13
100
0
0.950
5.00
30.00
50.0

Minimum Velocity (m/s)
ConnecƟon Type

Minimum Backdrop Height (m)
Preferred Cover Depth (m)

Include Intermediate Ground
Enforce best pracƟce design rules

1.00
Level Soĸts
0.200
1.200
✓
✓

Nodes

Name Area
(ha)

Cover
Level
(m)

Depth
(m)

BASIN 0.680 100.000 1.000

SimulaƟon Seƫngs

Rainfall Methodology
Summer CV

Winter CV

FEH-13
0.950
0.950

Analysis Speed
Skip Steady State

Drain Down Time (mins)

Normal
x
240

AddiƟonal Storage (m³/ha)
Check Discharge Rate(s)

Check Discharge Volume

20.0
x
x

Storm DuraƟons
15
30

60
120

180
240

360
480

600
720

960
1440

2160
2880

4320
5760

7200
8640

10080

Return Period
(years)

Climate Change
(CC %)

AddiƟonal Area
(A %)

AddiƟonal Flow
(Q %)

100 40 0 0

Node BASIN Online OriĮce Control

Flap Valve
Replaces Downstream Link

Invert Level (m)

x
✓
99.000

Design Depth (m)
Design Flow (l/s)

Diameter (m)

1.000
2.4
0.034

Discharge Coeĸcient 0.600

Node BASIN Depth/Area Storage Structure

Base Inf Coeĸcient (m/hr)
Side Inf Coeĸcient (m/hr)

0.00000
0.00000

Safety Factor
Porosity

2.0
1.00

Invert Level (m)
Time to half empty (mins)

99.000

Depth
(m)

Area
(m²)

Inf Area
(m²)

Depth
(m)

Area
(m²)

Inf Area
(m²)

0.000 825.0 0.0 1.000 1422.0 0.0
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Results for 100 year +40% CC CriƟcal Storm DuraƟon.  Lowest mass balance: 99.99%

Node Event US
Node

Peak
(mins)

Level
(m)

Depth
(m)

InŇow
(l/s)

Node
Vol (m³)

Flood
(m³)

Status

Link Event
(Upstream Depth)

US
Node

Link Ouƞlow
(l/s)

Discharge
Vol (m³)

960 minute winter BASIN 945 99.667 0.667 33.3 691.5959 0.0000 OK

960 minute winter BASIN OriĮce 1.9 98.3
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Design Seƫngs

Rainfall Methodology
Return Period (years)

AddiƟonal Flow (%)
CV

Time of Entry (mins)
Maximum Time of ConcentraƟon (mins)

Maximum Rainfall (mm/hr)

FEH-13
100
0
0.950
5.00
30.00
50.0

Minimum Velocity (m/s)
ConnecƟon Type

Minimum Backdrop Height (m)
Preferred Cover Depth (m)

Include Intermediate Ground
Enforce best pracƟce design rules

1.00
Level Soĸts
0.200
1.200
✓
✓

Nodes

Name Area
(ha)

Cover
Level
(m)

Depth
(m)

BASIN 0.510 100.000 1.000

SimulaƟon Seƫngs

Rainfall Methodology
Summer CV

Winter CV

FEH-13
0.950
0.950

Analysis Speed
Skip Steady State

Drain Down Time (mins)

Normal
x
240

AddiƟonal Storage (m³/ha)
Check Discharge Rate(s)

Check Discharge Volume

20.0
x
x

Storm DuraƟons
15
30

60
120

180
240

360
480

600
720

960
1440

2160
2880

4320
5760

7200
8640

10080

Return Period
(years)

Climate Change
(CC %)

AddiƟonal Area
(A %)

AddiƟonal Flow
(Q %)

100 40 0 0

Node BASIN Online OriĮce Control

Flap Valve
Replaces Downstream Link

Invert Level (m)

x
✓
99.000

Design Depth (m)
Design Flow (l/s)

Diameter (m)

1.000
1.8
0.029

Discharge Coeĸcient 0.600

Node BASIN Depth/Area Storage Structure

Base Inf Coeĸcient (m/hr)
Side Inf Coeĸcient (m/hr)

0.00000
0.00000

Safety Factor
Porosity

2.0
1.00

Invert Level (m)
Time to half empty (mins)

99.000

Depth
(m)

Area
(m²)

Inf Area
(m²)

Depth
(m)

Area
(m²)

Inf Area
(m²)

0.000 400.0 0.0 1.000 876.0 0.0
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Results for 100 year +40% CC CriƟcal Storm DuraƟon.  Lowest mass balance: 99.99%

Node Event US
Node

Peak
(mins)

Level
(m)

Depth
(m)

InŇow
(l/s)

Node
Vol (m³)

Flood
(m³)

Status

Link Event
(Upstream Depth)

US
Node

Link Ouƞlow
(l/s)

Discharge
Vol (m³)

960 minute winter BASIN 945 99.840 0.840 25.0 512.2220 0.0000 OK

960 minute winter BASIN OriĮce 1.6 82.6
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Results for 100 year +40% CC CriƟcal Storm DuraƟon.  Lowest mass balance: 100.00%

Node Event US
Node

Peak
(mins)

Level
(m)

Depth
(m)

InŇow
(l/s)

Node
Vol (m³)

Flood
(m³)

Status

Link Event
(Upstream Depth)

US
Node

Link Ouƞlow
(l/s)

Discharge
Vol (m³)

960 minute winter CRATES 945 99.106 0.616 12.2 252.0548 0.0000 OK

960 minute winter CRATES OriĮce 0.8 39.1
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Results for 100 year +40% CC CriƟcal Storm DuraƟon.  Lowest mass balance: 99.99%

Node Event US
Node

Peak
(mins)

Level
(m)

Depth
(m)

InŇow
(l/s)

Node
Vol (m³)

Flood
(m³)

Status

Link Event
(Upstream Depth)

US
Node

Link Ouƞlow
(l/s)

Discharge
Vol (m³)

960 minute winter CRATES 945 99.179 0.689 14.7 301.1693 0.0000 OK

960 minute winter CRATES OriĮce 1.0 49.3
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Results for 100 year +40% CC CriƟcal Storm DuraƟon.  Lowest mass balance: 100.00%

Node Event US
Node

Peak
(mins)

Level
(m)

Depth
(m)

InŇow
(l/s)

Node
Vol (m³)

Flood
(m³)

Status

Link Event
(Upstream Depth)

US
Node

Link Ouƞlow
(l/s)

Discharge
Vol (m³)

960 minute winter CRATES 945 99.182 0.692 11.3 233.0730 0.0000 OK

960 minute winter CRATES OriĮce 0.7 34.4
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Results for 100 year +40% CC CriƟcal Storm DuraƟon.  Lowest mass balance: 99.99%

Node Event US
Node

Peak
(mins)

Level
(m)

Depth
(m)

InŇow
(l/s)

Node
Vol (m³)

Flood
(m³)

Status

Link Event
(Upstream Depth)

US
Node

Link Ouƞlow
(l/s)

Discharge
Vol (m³)

960 minute winter CRATES 945 99.080 0.590 40.7 847.2076 0.0000 OK

960 minute winter CRATES OriĮce 2.4 117.6
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Results for 100 year +40% CC CriƟcal Storm DuraƟon.  Lowest mass balance: 100.00%

Node Event US
Node

Peak
(mins)

Level
(m)

Depth
(m)

InŇow
(l/s)

Node
Vol (m³)

Flood
(m³)

Status

Link Event
(Upstream Depth)

US
Node

Link Ouƞlow
(l/s)

Discharge
Vol (m³)

960 minute winter CRATES 945 99.189 0.699 9.8 201.7836 0.0000 OK

960 minute winter CRATES OriĮce 0.6 31.2








