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1 INTRODUCTION 

The Kent International Gateway (KIG) project, located near the small town of Bearsted, 
3 miles East of Maidstone (Figure 1.1), will ease the of transportation of goods from the 
European mainland and across the UK.   
 
1.1 Location 

The extent of the site, covering 12.96ha, is shown by a blue line in Figure 1.2 below.  
The proposed site is traversed by three small watercourses, indicated by red lines in 
Figure 1.2 below.  The majority of the land within the proposed border is currently 
farmland with a few small properties; it is proposed that most of this land will be utilised 
for buildings and car parks.   
 
1.2 Proposed changes to Watercourses 

As the site will be significantly changed from its current usage, all three of the 
watercourses on the site will need to be changed.  Watercourse 1, also known as The 
Link, will have additional meanders created within the channel, but no structures will 
cross the watercourse.  Watercourse 2 will enter a culvert upstream of the site boundary 
and travel across half of the site within that same culvert; for the remainder of its length, 
the channel will have additional meanders.  It is proposed that Watercourse 3 will have 
some minimal changes made to the channel alignment, including one additional 
structure. 
 
1.3 Potential impact on flows 

Water flowing through a stream is naturally attenuated by the channel bed and sides.  
The sides of culvert are usually smooth therefore water flowing though culvert is not 
attenuated to the same degree.  This has the effect of increasing the velocity of the 
water passing through the channel, possibly resulting in additional water arriving 
downstream faster than it would under natural conditions.  Conversely, inserting 
additional meanders to a river will decrease the velocity of the water in the channel as 
well as altering the water levels within the channel. 
 
In order to accurately model the watercourses, there is a need for some hydrological 
work to be undertaken (refer Section 2).  Figure 2.1 below shows the location and sizes 
of the relevant catchments. 
 
1.4 Aim of this report 

This report investigates the impacts of altering these three watercourses over the 
proposed site. 
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Figure 1.1 Location of proposed site1 
 

 
Figure 1.2 Plan of proposed site 

                                                   
1 Images courtesy of GoogleMaps 
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2 HYDROLOGY ASSESSMENT 

A hydrological assessment has been carried out for each of the watercourses to provide 
an inflow at the upstream extent of the hydraulic models.  All three watercourses were 
considered independently. 
 

2.1 Catchment Area & Descriptors 

The three watercourses comprise adjacent catchments and at all times through the 
proposed development site they remain discrete and unrelated.  This is associated with 
their geographical and topographical characteristics, thus the watercourses are not 
hydrologically linked until they flow into the River Len, downstream of the proposed 
development site.  Figure 2.1 below shows the outline of each catchment and their 
location in relation to each other. 
 
All three watercourses are within ungauged catchments; furthermore, there are no 
gauged catchments within close geographical proximity, which will create difficulties with 
regards to the calibration and/or sensitivity testing of peak flows derived as part of this 
hydrological assessment.  In addition, there are no known records of flood history or 
events along any of the watercourses. 
 

 
Figure 2.1 Indicative Hydrological Catchment Outline for each Watercourse2 
 
The nearest flow gauging station is located downstream of each of the watercourses on 
the River Len, which as a much larger and more urbanised catchment is not considered 

                                                   
2 �  Crown copyright. All rights reserved. Licence number AL 100017728 

Watercourse 1 

Watercourse 2 

Watercourse 3 



 
 
 
 
 
 
 

9T4125/R00001/303925/1   

02 July 2009  

 

to be hydrologically similar and therefore not suitable for use as a “donor site” to improve 
the estimate of the QMED flood at the subject sites. 
 
The catchment areas have been identified using the Flood Estimation Handbook CD-
ROM v2.0 (FEH) and checked using Ordnance Survey (OS) 1:25,000 scale mapping 
(OS Explorer Map 148).  Each of the catchment boundaries and areas, derived from 
FEH, has been deemed suitable for use within the hydrological assessment as they 
match the catchment boundaries identified using the 1:25,000 OS map.  The area of 
each of the catchments upstream of the proposed development site, are given in Table 
2.1 below: 
 
Table 2.1 Areas of Watercourses calculated using FEH  

Watercourse Area (km²) 

1 2.32 

2 1.32 

3 0.90 

 
For each catchment identified above, the catchment descriptors (cds) were obtained 
using the FEH CD-ROM v2.0.  The FEH catchment descriptors are a series of 
catchment characteristics derived from digital spatial data for an ungauged or gauged 
catchment �  0.5km2 in areas which includes the following: 
 
·  Physical form (size, altitude, slope, aspect) 
·  Attenuating effects of lakes and reservoirs 
·  Climate 
·  Soils 
·  Urban Extent. 
 
It was identified from the cds that the URBEXT2000 (FEH index of fractional urban extent 
for the year 2000) has a value of zero for Watercourses 2 and 3, and a value of 0.0005 
for Watercourse 1, i.e. FEH categorises  all three catchments as “Essentially Rural”.  
This was compared with the OS mapping and it was confirmed that each catchment is 
primarily rural with land uses including agricultural and woodland.   
 
Other key catchment information to be considered when assessing the hydrological 
characteristics are the FARL (Index of flood attenuation due to reservoirs and lakes) and 
SPRHOST (Standard Percentage Runoff derived using the soil HOST classification) 
values.  Utilising the HOST (Hydrology of Soil Types) classification, where UK soils have 
been classed according to their hydrological properties, e.g. hydraulic conductivity, soil 
moisture retention and pathways for water movement, is considered within FEH to 
provide a more accurate estimation than previous methods of assessing standard 
percentage runoff.  
 
For each catchment the FARL value is 1, indicating that there is no reservoir or lake 
attenuation.  This was compared with the OS mapping and it was confirmed that there 
are no water storage areas within any of the catchments.  The values for SPRHOST, 
taken from the cds, are shown in Table 2.2 below.  Based on the values in Table 2.2, 
and in line with FEH guidelines, a catchment is defined as permeable if SPRHOST is 
less than 20%.  Although all of the catchments are relatively permeable, only 
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Watercourse 2 is classified as permeable with an SPRHOST of less than 20%.  FEH 
guidance identifies that certain methodologies are not considered appropriate for 
application on these types of catchments and therefore for Watercourse 2 there are 
limitations as to which methodology can be applied (see Section 2.2). 
 
Table 2.2 SPRHOST values for Watercourse 1, 2 and 3 

Watercourse 
SPRHOST value 

(%) 

1 20.93 

2 19.38 

3 26.46 

 
The topography of the three catchments is very similar with the upstream high ground 
located to the north eastern boundary of each catchment.  All of the watercourses flow in 
a southwest direction through their respective catchments before entering three 
independent culverts under the M20 motorway and into the proposed development site.   
 

2.2 Methodology for Peak Flow Estimation 

For the purposes of this assessment, the Institute for Hydrology Report (IH124) method 
is considered to be a suitable methodology for all of the watercourses based on its 
specific application for small catchments.  The IH124 method has previously been 
approved for use by the Environment Agency to estimate the greenfield runoff rate from 
the site.  Furthermore, correspondence between Royal Haskoning and the Environment 
Agency (pers. comm. 18th June 2009) confirmed that the IH124 method would be 
acceptable to estimate flows in the watercourses up to the M20.  
 
The Revitalised FSR/FEH rainfall-runoff method (ReFH) was considered for the purpose 
of providing a comparison with the IH124 peak flow calculations.  However, the 
permeability of the catchment for Watercourse 2 means that the ReFH model is not a 
suitable methodology for application for this catchment; therefore the peak flows for this 
catchment were only calculated using the Institute of Hydrology Report 124 Method 
(IH124) Flood Estimation for Small Catchments methodology. 
 
The IH124 method is based on the Flood Studies Report (FSR) procedures, 
incorporating an additional dataset focusing on smaller catchments.  Application of the 
IH124 methodology includes calculating a series of formulae utilising variables from the 
catchment descriptors including Area, Standard Average Annual Rainfall (SAAR), Soil 
Types and Urban factors to obtain the Mean Annual Flood (QBAR).  The QBAR value 
then requires adjustment using regional growth curves to provide peak flows for the 
return periods of interest in the study. 
 
Appendix A gives the full details of the hydrological assessments completed 
documented using the Environment Agency flood estimation calculation record. 
 
As noted in Section 2.1, there is no gauged peak flow data available for the catchment 
to compare with other adjacent or nearby catchments during significant storm events, for 
example summer 2007.  Therefore it is unclear whether these storm events resulted in 
high flows in any of the watercourses or whether there was any flooding across the site.   
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Bearing in mind the uncertainty in the risk of flooding to the proposed development site 
and the requirement to understand the impact of flows through the site, a series of 
inflows for Watercourses 1, 2 and 3 were identified for a variety of return periods.  This 
not only provides comparative data to ensure that the various return period peak flows 
are realistic, but it also provides baseline information for sensitivity testing to be carried 
out at a later stage, where appropriate.  The primary focus of the hydrological and 
hydraulic modelling is related to the 1 in 100 year return period event (annual probability 
of river flooding is 1% in any given year).  This is in line with guidance on Flood Zones 
contained within Planning Policy Statement 25 (PPS25): Development and Flood Risk.   
 
The IH124 method identifies the Mean Annual Flood (QBAR) which then requires 
adjustment to provide peak flows for the various return periods.  These have been 
multiplied using the regional growth factors set out in the Flood Studies Report (FSR) 
(1975) and have been categorised relevant to their Hydrometric Area (i.e. several river 
catchments with similar topography are grouped together for monitoring and reporting 
purposes) and Region (i.e. groups of Hydrometric Areas in the same geographical 
region).  Utilising this methodology, the peak flows have been identified for the following 
return period events: 1 in 2, 5, 10, 25, 50, 100 and 200 years.  IH124 initially identifies 
the Mean Annual Flood, on a rural basis (QBARrural) and an adjustment factor is then 
applied, in the form of a QBARrural/QBARurban ratio to identify QBARurban.  Due to the very 
rural nature of all three of the catchments the value for QBARrural is very similar to 
QBARurban with the ratio being 1:1 for Watercourses 2 and 3, and close to 1:1 for 
Watercourse 1. 
 

2.3 Peak Flow Estimation for Present Day 

Peak flows have been estimated for Watercourses 1, 2 and 3 based on the FSR growth 
factors for Hydrometric Area No. 7, as described above.  The resultant Mean Annual 
Flood values, using IH124, are shown in Table 2.3.   
 
Table 2.4 below summarises the FSR growth factors (Region 7, Hydrometric Area 40) 
applied for each of the watercourses.  Peak flows have been derived for each 
watercourse based on the above growth factors and are presented in Table 2.5 below.  
These peak flows have been calculated immediately upstream of where each 
watercourse enters its respective culvert under the M20 motorway. 
 
The peak flows in Table 2.5 are based on the present day climate situation.  In line with 
guidance in PPS25 and from the DEFRA FCDPAG3 Economic Appraisal 
Supplementary Note (October 2006), when assessing the suitability of a proposed 
development an allowance should be made for the possible effects of future climate 
change, which may be caused by variations in the frequency and magnitude of storm 
rainfall.   
 
Table 2.3 Peak Flow values 

Watercourse Mean Annual Flood (QBAR) (m³/s) 

1 0.33 

2 0.27 

3 0.28 
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Table 2.4 Mean Annual Flood FSR Growth Factors 

Return Period FSR Growth Factor 

2 0.88 

5 1.28 

10 1.62 

25 2.14 

50 2.62 

100 3.19 

200 3.86 
 
Table 2.5 Peak Flows for Watercourses 1, 2 and 3 

Flood Frequency Peak Flow (m3/s) 

Annual Probability (%) Return Period (Years) Watercourse 1 Watercourse 2 Watercourse 3 

50 2 0.29 0.24 0.258 

20 5 0.42 0.34 0.36 

10 10 0.53 0.43 0.46 

4 25 0.69 0.57 0.60 

2 50 0.85 0.70 0.74 

1 100 1.04 0.86 0.90 

0.5 200 1.25 1.04 1.09 

 
2.4 Peak Flow Estimation Modified for the Possible Effects of Future Climate 

Change 

Guidance on the allowances to be considered in assessing the potential effect of future 
climate change on a proposed development is set out in detail in PPS25 based on work 
by the Intergovernmental Panel on Climate Change (IPCC) and from the UK Climate 
Impacts Programme (UKCIP).  The guidance for a proposed development which is likely 
to be subject to fluvial influence is to either allow for a change in peak rainfall intensity or 
allow for an increase in peak river flows. 
 
The DEFRA FCDPAG3 guidance indicates the criteria for the allowance for possible 
climate change as an increase in peak rainfall intensity (preferably for small catchments 
i.e. <5km2) or an increase in peak river flow (preferably for larger catchments).  Based 
on the sizes of the catchments in this assessment, the guidance indicates that the 
preferred approach would be to include an increase in peak rainfall intensity.  Adjusting 
peak rainfall intensity can only be used for methodologies which estimate design floods 
from rainfall.  The IH124 methodology does not produce a design storm profile as part of 
its procedures, instead utilising the Standard Average Annual Rainfall (SAAR) as part of 
a three variable equation.  Therefore it is not possible to apply the allowance for peak 
rainfall intensity and the allowance for increased peak river flow has been used in its 
place. 
 
Based on PPS25 guidance, an increased peak flow of 20% has been incorporated to 
allow for the possible effects of future climate change.  This method is applicable until at 
least the 2080s and until determined otherwise can be used up to 2115.  The peak flows 
from Table 2.5 have been adjusted to include an allowance for possible climate change 
effects and are shown in Table 2.6 below.  
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Table 2.6 Peak Flows for Watercourses 1, 2 and 3 including 20% allowance for 

possible effects of future climate change 
Flood Frequency Peak Flow (m³/s) 

Annual Probability (%) Return Period (Years) Watercourse 1 Watercourse 2 Watercourse 3 

50 2 0.34 0.28 0.30 

20 5 0.50 0.41 0.43 

10 10 0.63 0.52 0.55 

4 25 0.83 0.69 0.72 

2 50 1.02 0.84 0.89 

1 100 1.24 1.03 1.08 

0.5 200 1.50 1.24 1.31 
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3 TOPOGRAPHIC SURVEY 

A detailed topographic ground survey of the three watercourses traversing the site was 
undertaken in early February 2009.  This survey data was used to provide cross-section 
data to construct a computational hydraulic model of Watercourses 1, 2 and 3.  
However, the survey only captured data within the boundaries of the proposed site, 
excepting a few culvert details.  This necessarily led to assumptions being made 
regarding the bed slope of the watercourses outside of the site.   
 
On a site visit undertaken by Royal Haskoning staff on 06 April 2009, some additional 
data upstream of the site boundary was obtained using a hand-held GPS device.  The 
topographic survey data from the detailed ground survey was expressed in different 
terms to the GPS device which used a datum of WGS84 (World Geodetic System 1984).  
Due to this difference in datum, there was some difficulty aligning the two sets of data.  
However, the GPS readings were all taken in one session and are thus relative to each 
other.  The bed slope of the stream can then be established using either data 
separately, but not combined. 
 
Comprehensive ground level data of the entire proposed site was also available, 
detailing contours at 0.5m intervals, but no other data sources, for example LiDAR, were 
available.  Drawing 9T4125-W1-100-5.1 to 9T4125-W3-100-7.2 in Appendix B shows 
the extent of the topographic survey, integrating all data sources.  The cross-section 
locations used for the one dimensional computational hydraulic model of Watercourses 
1, 2 and 3 in the Kent International Gateway marked on this plan (refer section 5). 
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4 DESCRIPTION OF RIVER 

This section of the report has been split to cover the three Watercourses separately. 
 
4.1 Watercourse 1 

4.1.1 Introduction 

Figure 4.1 below shows Watercourse 1 as it passes through the proposed site; the 
stream flows through the image from top right to bottom left.  Around 413m of 
Watercourse 1 flows through the proposed site with a channel width in the range 0.25 – 
1.0m and varying water depths along the channel, averaging 0.05m (recorded June 
2008).  The channel is steep sided throughout the site. 
 
Watercourse 1 enters a culvert upstream of the CTRL (Channel Tunnel Rail Link) and 
M20 and emerges from the outlet into the proposed KIG site.  Watercourse 1 exits the 
site by passing under the local railway line.  There are no culverts within the proposed 
site boundary.   
 

4.1.2 Stream Bed Profile 

As previously noted, the topographic survey did not cover the watercourse outside of the 
proposed site boundary (refer Section 2).  As no additional GPS data was recorded for 
this Watercourse, the bed slope upstream of the proposed site boundary was assumed 
to be the same as the bed slope through the site.  The stream bed is relatively steep 
with a slope of 1.8%.  There are a few undulations in the bed profile created from the 
survey information.  It is likely that these undulations are due to shrubbery on the banks 
falling in the stream.  Watercourse 1 has a natural channel bed. 
 

4.1.3 Surrounding Land Usage 

The land alongside Watercourse 1 is open farmland, with no properties near the channel 
until the watercourse has left the proposed site boundary to the south.  The ground 
running parallel with the channel slopes up, away from the waterway.  Downstream of 
the proposed site boundary is the small town of Bearsted which has a history of flooding 
thus any alterations to the watercourse would need to ensure that flooding downstream 
is not exacerbated.   
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Figure 4.1 Watercourse 1 
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Figure 4.2 Long section of bed level along Watercourse 1 through proposed site 
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4.2 Watercourse 2 

4.2.1 Introduction 

Figure 4.3 below shows Watercourse 2 as it passes through the proposed site; the 
stream flows through the photograph from top right to bottom left.  Approximately 445m 
of Watercourse 2 flows through the proposed site where the depth of the channel ranges 
from <0.05m - 0.5m and the width varies between 0.3m - 1.5m.  The northern section of 
Watercourse 2 over the site has fairly steep banks which become shallower as the 
stream moves through the site. 
 
As with Watercourse 1, Watercourse 2 enters a culvert upstream of the CTRL and M20 
(Figure 4.4) and emerges from the outlet into the proposed KIG site (Figure 4.5).  As the 
stream passes through the site, there are four small culverts; under the local railway 
line, under a local road and under two small farm access tracks.  Watercourse 2 exits 
the proposed site by passing under Roundwell, a local road.  As can be seen in Figure 
4.6, Watercourse 2 has a fairly narrow channel which is highly overgrown on both 
channel walls. 
 

4.2.2 Stream Bed Profile 

As previously noted, the topographic survey did not cover the watercourse outside of the 
proposed site boundary (refer Section 2).  Two long sections of the channel bed were 
created; one from the survey data (Figure 4.7) and the other from the GPS information 
(Figure 4.8).  The two long sections cannot be combined due to difference in datum, but 
the data gathered to create each long section is relative and the bed slopes of each are 
similar; 1.41% upstream of the site boundary and 1.13% over the proposed site, thus 
creating a fairly steep bed slope.   
 
There are a number of small undulations in the bed profile created from the survey 
information.  It is likely that these undulations are due to shrubbery on the banks falling 
in the stream.  Watercourse 2 has a natural channel bed, with a few smooth concrete 
culverts. 
 

4.2.3 Surrounding Land Usage 

The majority of the land running alongside Watercourse 2 is open farmland, with only a 
few properties.  The ground running parallel with the channel slopes up, away from the 
waterway.  Downstream of proposed site boundary is the small town of Bearsted which 
has a history of flooding.  Any culverting of Watercourse 2 would need to ensure that the 
flooding downstream is not exacerbated. 
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Figure 4.3 Watercourse 2 
 

 
Figure 4.4 Inlet to culvert under M20, upstream of the proposed site boundary 
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Figure 4.5 Outlet of culvert under M20 at the boundary of the proposed site 
 

 
Figure 4.6 Upstream section of watercourse 2, looking upstream from culvert 
under local railway 
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Figure 4.7 Long section of bed level along Watercourse 2 through proposed site 
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Figure 4.8 Long section of bed level along Watercourse 2 upstream of proposed 

site 
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4.3 Watercourse 3 

4.3.1 Introduction 

Figure 4.9 below shows Watercourse 3 as it passes through the proposed site.  The 
stream flows through the photograph from top to bottom; the dotted line represents the 
approximate location of the existing culvert under the M20 and CTRL.  Roughly 230m of 
Watercourse 3 flows through the proposed site where the channel width ranges from 
0.3m-2m and the water depth varies between 0.05m – 0.2m.  The channel has steep 
banks throughout the site. 
 
As with Watercourses 1 and 2, Watercourse 3 enters a culvert upstream of the CTRL 
and M20 (Figure 4.10) and emerges from the outlet (Figure 4.11) into the KIG site.  As 
the stream passes through the site, there are two small culverts under farm access 
tracks.  Watercourse 3 exits the proposed site by passing under the A20, Ashford Road.  
As evident in Figure 4.12, though fairly narrow, Watercourse 3 has a wider channel than 
Watercourse 2.  As with Watercourse 2, both sides of Watercourse 3 are overgrown. 
 

4.3.2 Stream Bed Profile 

As previously noted, the topographic survey did not cover Watercourse 3 outside of the 
proposed site boundary (refer Section 2).  Two long sections of the channel bed were 
created; one from the survey data (Figure 4.13) and the other from the GPS information 
(Figure 4.14).  The two long sections cannot be combined due to difference in datum, 
but the data gathered to create each long section is relative.  The bed slopes are both 
steep, with slopes of 2.39% and 1.73% upstream of the site and through the proposed 
site respectively. 
 
There are a number of small undulations in the bed profile created from the survey 
information.  It is likely that these undulations are due to shrubbery on the banks falling 
in the stream.  Watercourse 3 has a natural channel bed, with a few smooth concrete 
culverts. 
 

4.3.3 Surrounding Land Usage 

As with Watercourse 2, the majority of the land running alongside Watercourse 3 is open 
farmland, with only a few properties.  The ground running parallel with the channel 
slopes up, away from the waterway.  Downstream of proposed site boundary is the 
small town of Bearsted which has a history of flooding.  Any culverting of Watercourse 3 
would need to ensure that the flooding downstream is not exacerbated. 
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Figure 4.9 Watercourse 3 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.10 Looking upstream from inlet to culvert under M20 and CTRL, upstream 
of the proposed site boundary 
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Figure 4.11 Outlet of culvert under M20 at the boundary of the proposed site 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.12 Upstream section of watercourse 3, looking downstream from culvert 
under M20 
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Figure 4.13 Long section of bed level along Watercourse 3 through proposed site 
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Figure 4.14 Long section of bed level along Watercourse 3 upstream of proposed 

site 
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5 MIKE11 COMPUTATIONAL HYDRAULIC MODEL 

5.1 Construction of Model 

A MIKE11 one dimensional computational hydraulic model3 was used to model the 
backwater profiles of Watercourses 1, 2 and 3 as they currently exist.  As there is no 
previous flood data available for any of the watercourses and none of the watercourses 
contain a gauging station, it was not possible to calibrate any of the models.   
 
All three models were subsequently adapted to represent the streams traversing the 
through the proposed site using the new channel alignments to estimate the effects of 
the culvert for a 1 in 100 year return period flood event.  The extent of the Watercourses 
covered by the MIKE11 models is shown in Figure 5.1 to Figure 5.3 below. 
 
The proposed new channels have a different cross-section to those naturally occurring 
in the channel.  The new cross-sections are 1m wide at the base, 1m high and have side 
slopes of 2:1 (H:V).  When modelled, it was assumed that these sections had “glass 
walls”, and thus the water is not able to leave the channel predicting conservative water 
levels. 
 
The cross-sections used to construct the computational model were taken from the 
topographic survey, the locations of which are shown on drawing 9T4125-W1-100-5.1 to 
9T4125-W3-100-7.2 in Appendix B.  As the surveyed cross-sections only cover those 
within the proposed site boundary, a copy of the closest surveyed cross-section was 
used in the model to represent cross-sections up- and downstream of the proposed site 
boundary.  As noted in Section 3 above, a bed slope was applied to these sections 
using the data collected with a hand-held GPS 
 
All the culverts within the proposed site were surveyed and represented in the model, 
the dimensions of which were obtained from the topographic survey.  Any culverts 
outside the proposed site boundary are not represented in the model unless detailed by 
the topographic survey.  Small, minor culverts were not thought to affect the flow near 
the site as water will not be impeded and will flow over the culvert.  The interest is to 
prevent water backing up upstream of the site and to attest water travelling faster 
through the site due to the culvert.  This latter point can be dealt with using culvert 
baffles, which will also aid fish passage. 
 
5.2 Boundary Conditions 

Figure 5.2, Figure 5.3 and Figure 5.3 below show the extent of the Watercourses 
covered by the MIKE11 models.  The black lines represent the location of the stream, 
and the red circles indicate the locations of the upstream and downstream boundaries.  
Table 5.1 below shows the inflows to the models.  Each inflow used was a constant 
value, simulating the peak flow during the flood event.  Additionally, point sources 
representing the discharge from the M20 were incorporated (Table 5.2).  Whilst there 
was no discharge from the M20 into Watercourse 3, an attenuation pond north of the 

                                                   
3 MIKE11 is a one dimensional computational hydraulic modelling software package developed by the Danish 

Hydraulic Institute for modelling river and floodplain systems 
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M20 which drains into Watercourse 3 has been accounted for using a point source of 
0.323m³/s (FRA Addendum (SES Appendix 10.1)). 
 
The updated models, representing the designed watercourses, incorporate additional 
point source inflows from balancing ponds (Table 5.3) (see drawing 9T4125-W1-100-08 
to 9T4125-W3-100-10 in Appendix B) (FRA Addendum (SES Appendix 10.1)).  These 
attenuation ponds have been designed such that there is no increased flow downstream 
of the proposed site boundary. 
 
The downstream boundary used for all three watercourses was a Qh (flow-stage) 
relationship calculated based on the Manning’s n roughness value and the slope of the 
section. 
 
Table 5.1 Inflow to Watercourses for Present day and 2060’s 

Inflow to model (m³/s) 

Climate Situation Watercourse 

Present day 2060’s 

1 1.036 1.24 

2 0.855 1.03 

3 0.900 1.08 

 
Table 5.2 Discharge from M20 

Watercourse 
Additional inflow 

(m³/s) 

1 0.434 

2 0.111 

3 - 

 
Table 5.3 Additional inflow from balancing ponds 

Watercourse Balancing pond Discharge (m³/s) 

1A 0.0531 
1 

1B 0.0241 

2A 0.0163 

2B 0.0113 

2C 0.0150 
2 

2D 0.0401 

3A 0.0141 

3B 0.0058 

3C 0.0209 
3 

3D 0.0117 
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Figure 5.1 MIKE11 model of Watercourse 1 

 
Figure 5.2 MIKE11 model of Watercourse 2 
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Figure 5.3 MIKE11 model of Watercourse 3 
 
5.3 Model Calibration against Recent Peak Flow Data 

As referred to in Section 5.1 above, no calibration data is available for any of the 
models; therefore the sensitivity of the model to variations in the Manning’s n roughness 
parameter was investigated to provide confidence in the models results. 
 
A Manning’s n roughness value of 0.05 was assumed for the channel.  This value was 
selected due to the overgrown nature of the channel sides (see Figure 4.6).  The 
roughness value was tested, ranging from 0.04 – 0.06.  Figure 5.4, Figure 5.5 and 
Figure 5.6 below illustrate the backwater profile for the 100 year return period event for 
various Manning’s n values.   
 
As can be seen in Figure 5.4, Figure 5.5 and Figure 5.6, the water levels do not vary 
significantly; the maximum depth variation between the various Manning’s n values is 
0.15m, providing a degree of confidence in the model results. 
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6 WATER LEVEL PREDICITONS 

6.1 Existing Climate Conditions 

The MIKE11 models were used to predict the backwater profile along Watercourses 1, 2 
and 3 for the 100 year ARI flood event based on the flow values listed in Table 2.5 for 
existing climate conditions.  Figure 6.2 to Figure 6.5 below shows the predicted 
backwater profile for the 100 year ARI flood event for Watercourses 1, 2 and 3 together 
with the new and existing left and right bank levels.  It should be noted that all water 
levels predictions are conservative as there has been no allowance for the spreading out 
of flood water over the ground.   
 
The proposed changes to Watercourse 1 result in a significantly altered channel length; 
therefore the backwater profiles for Watercourse 1 are separately presented Figure 6.1 
and Figure 6.2.  Part of these proposed changes include raising the channel bed which 
therefore increases the water level along the channel.  As the bank levels along the 
proposed new watercourse have also been increased, this new bed level should not 
cause a significant problem.  However, the culvert under the local railway limits the flow 
able to pass though the site and thus creates a ponding effect upstream of the culvert. 
 
As with Watercourse 1, the proposed changes made to Watercourse 2 result in a 
significantly altered channel length, therefore the backwater profile results for 
Watercourse 2 are separately presented in Figure 6.4 and Figure 6.4.  These plots show 
that for the existing situation, the small culverts over the watercourse are not large 
enough for the volume of water in the channel.  As a result, water backs up behind the 
culverts, thus creating a surcharging effect on the upstream side of the culvers.  This in 
turn allows water to spill out of the channel onto the land alongside the watercourse.  It 
should be noted that the model does not allow water to spill out of the channel passing 
over the culverts.  Thus, if water cannot flow through the culvert within the model, it 
surcharges.  It is this effect which has created artificially high water levels for the existing 
case for Watercourse 2. 
 
The new development does decrease this effect to some degree although the culvert 
under Roundwell to the south limits the volume of water able to leave the proposed 
development area.  It should be noted that the attenuation pond (2C) has an 
embankment level of 48m, the same as the predicted water level for the current climate 
scenario.  Whilst the area upstream of Watercourse 2 has an increased water level, 
there are no properties which would be affected. 
 
Figure 6.5 shows that for the existing channel situation for Watercourse 3, the presence 
of culverts creates a surcharging effect on the upstream side of the culvert.  The effect 
of this surcharging allows floodwater to spill out of the watercourse and onto the 
adjacent land.  However, the proposed new development removes most of these 
structures and thus removes this surcharging effect thereby lowering water levels 
throughout the proposed site. 
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6.2 Future Climate Conditions Sensitivity Test 

The MIKE11 model was also used to predict the backwater profile along the three 
watercourses for the 100 year ARI flood adjusted for the effects of possible future 
climate change out to 2115 (refer to the estimated flow values given in Table 2.6) 
(Figure 6.6, Figure 6.7 and Figure 6.8). 
 
Table 6.1 to Table 6.3 below show the peak flood level predictions for the 100 year 
return period flood event with and without the possible future climate change effects at 
key places in the model.  The differences in the water levels between the two cases are 
also shown in the tables. 
 
The backwater profile varies for the three watercourses.  Watercourses 1 and 3 have 
very little change in water level between the existing climate scenario and the possible 
future effect of climate change scenario.  Watercourse 2, however, has a greater 
difference in water levels.  This is mostly likely due to the restriction to the flow caused 
by the culvert under Roundwell which is unable to convey the current flow and thus will 
be unable to cope with possible future climate change volumes of water.  The water at 
downstream end of the site ponds to a predicted level of 49.07m: more than a meter 
higher than the embankment level of the detention pond 2C.  It should be noted again, 
that these water level predictions are conservative due to the “glass wall” nature of the 
channel sections and thus they do not allow for spreading out of floodwater over the 
land.  As a flood defence, it is recommended that the bank levels along the lower section 
of Watercourse 2 are raised.  Further modelling would be required to determine the 
required height of these banks. 
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Table 6.1 Water levels at key model chainage locations for 100 year flow with 
and without possible climate change effects for Watercourse 1 

Water Level 
Model Chainage 

(m) 
100 year ARI 

present day 

100 year ARI 

climate 2060’s 

Difference (m) 

0 50.84 50.93 0.09 

104 49.81 49.89 0.08 

260 48.05 48.12 0.07 

415 45.35 45.43 0.08 

579 43.80 44.12 0.32 

 
Table 6.2 Water levels at key model chainage locations for 100 year flow with 
and without possible climate change effects for Watercourse 2 

Water Level 
Model Chainage 

(m) 
100 year ARI 

present day 

100 year ARI 

climate 2060’s 

Difference (m) 

253 48.57 49.08 0.51 

337 48.02 49.07 1.02 

487 47.98 49.07 1.09 

641 47.98 49.07 1.09 

770 47.98 49.07 1.09 

 
Table 6.3 Water levels at key model chainage locations for 100 year flow with and 

without possible climate change effects for the new Watercourse 3 design 
Water Level 

Model Chainage 

(m) 
100 year ARI 

present day 

100 year ARI 

climate 2060’s 

Difference (m) 

14 52.86 52.90 0.04 

65 52.02 52.06 0.04 

117 51.16 51.19 0.03 

190 50.20 50.25 0.05 

283 48.45 48.49 0.04 
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7 CONCLUSIONS 

A MIKE11 one dimensional computational hydraulic model has been created for 
Watercourses 1, 2 and 3 on the proposed Kent International Gateway site.  The models 
have not been calibrated due to a lack of data; therefore the sensitivity of the model was 
tested by ranging the Manning’s n roughness parameter. 
 
The model was used to predict the effects of altering the watercourses by adding 
culverts and or adding meanders to the channel for the 100 year return period flow with 
and without the effects of possible future climate change. 
 
The MIKE11 model predicts that: 
 

·  water levels in the new channel for Watercourse 1 will be contained except on 
the approach to the culvert under the local railway which causes a ponding 
effect due to the limited size of the culvert; 

·  water levels in the new Watercourse 2 channel will not be contained due to the 
surcharging of the culvert under Roundwell, although the proposed 
development does lower water levels over the site; and 

·  water levels for Watercourse 3 will be contained within the new channel. 
 
It is predicted that the proposed development will not increase the flood risk upstream of 
the proposed site boundary with the exception of Watercourse 2 where there are no 
properties to be at risk. 
 
Under the 100 year flow the model predicts that there is no flooding on the proposed 
site, with the exception of Watercourse 2.  As a defence, it is proposed to raise the bank 
levels, the level of which requires further, more detailed modelling. 
 
There is no increased risk of flooding downstream of the proposed site as the peak flow 
along the watercourses is limited using attenuation ponds at the proposed development 
site, and by the culverts at downstream end of modelled three watercourses. 
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