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Appendix J. Hydrological Risk 

Assessment  

J.1 Introduction 

J.1.1 This report is to be submitted to the Environment Agency and should be read in 
conjunction with the Environmental Statement (ES), which has been produced as 
part of the Environmental Impact Assessment (EIA) process for the proposed A2 
Bean Ebbsfleet Junction Improvements. 

J.1.2 Highways England intends to improve capacity and manage forecasted 
increases in traffic in north Kent through improvements at the A2 Bean and 
Ebbsfleet Junctions (the Scheme). At Bean Junction, the Scheme comprises 
construction of an additional road bridge between Bean North and South 
Roundabouts, enlargement of Bean North and South Roundabouts, construction 
of a new slip road onto the A2 for eastbound traffic and widening of various 
roads in proximity to the A2. At Ebbsfleet Junction, the proposed Scheme 
comprises enlargement of Ebbsfleet East and West Roundabouts, realignment of 
the A2 eastbound on-slip and widening of various roads in proximity to the A2.  

J.1.3 Three meetings have previously been held with the Environment Agency (20th 
December 2017, 20th February and 28th June 2018) to discuss the Scheme 
design and the groundwater environment in the vicinity of the Scheme.  

J.1.4 Specific concerns were raised regarding works proposed in proximity to the Bean 
Triangle and the fractured nature of the Chalk bedrock. Extensive dewatering 
and groundwater abstractions were identified as additional factors that may 
affect groundwater flow directions and sensitivity in the vicinity of the Scheme, 
potentially leading to linkages between possible sources of contamination and 
receptors. As a result of these concerns, further assessment was proposed to 
define the hydrogeological baseline condition. Atkins was subsequently 
instructed to undertake this detailed assessment which is presented herein.  

J.1.5 The meeting held with the Environment Agency on 28th June 2018 concluded 
that intrusive investigation to characterise ground conditions across the Scheme 
was not required prior to submission of the application, providing the following 
actions were completed prior to the commencement of any groundworks 
associated with the Scheme: 

• reasonable consideration and assessment of all available hydrogeological 
information and data were reasonably considered and assessed; 

• submission of ground investigation (GI) data and subsequent GI report to the 
Environment Agency for approval; and 

• where required, submission of controlled waters risk assessments to the 
Environment Agency for approval. 

J.1.6 Discussions and meetings with Thames Water representatives have also been 
carried out to characterise the environment and to quantify risk. A record of this 
correspondence can be found in Volume 2, Appendix J of the ES. 
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J.1.7 The primary GI data will be used to inform a subsequent Generic Quantitative 
Risk Assessment (GQRA), to evaluate mitigation methods laid out in the ES and 
associated Outline Environmental Management Plan. 

J.2 Intent and scope of the hydrogeological assessment 

J.2.1 This hydrogeological assessment comprises: 

• development of a hydrogeological conceptual model for the study area, based 
on a review of available data on geology, hydrogeology and the results of 
groundwater modelling; and 

• an appraisal of activities associated with the Scheme and their potential to 
impact groundwater quality and sensitive receptors in the surrounding area, 
based on an understanding of likely depths to groundwater, groundwater flow 
directions and potential sources of contamination.   

J.2.2 The following information was reviewed as part of the assessment: 

• publicly available groundwater level data; 

• details of historical and current groundwater abstractions in the vicinity of the 
Scheme; 

• existing conceptual models of the area; 

• preliminary designs of the Scheme, with a focus on aspects that may affect 
nearby groundwater; and 

• sources of potential historical contamination. 

J.2.3 The review of hydrogeological data was supplemented by numerical modelling, 
using the Environment Agency’s London Basin Model (LBM) (ESI, 2013). 

J.2.4 The data discussed and referenced in this report were collected by third parties. 
Atkins has assumed that the information reported is correct and accurate. 

J.3 Relevant Legislation 

J.3.1 This report is an assessment of the potential hydrogeological impact of the 
Scheme using available data. The Water Framework Directive (WFD) is a 
European Directive that imposes legal requirements to protect and improve the 
water environment. A compliance assessment has been undertaken to 
determine whether works that could potentially affect the water environment 
meet the requirements of the WFD. 

J.3.2 Guidance documents and legislation relevant to the hydrogeological environment 
can be found in section 10.3.1 of the ES. 

J.4 Topography 

The highest ground elevations within the Scheme occur near Bean Junction, at 
around 80 m above Ordnance Datum (AOD), as shown in  

J.4.1  Figure J.1. To the west, the A2 slopes gently towards the valley of the River 
Darent, reaching a minimum elevation of 40 mAOD at the Scheme’s western 
boundary. To the east of the A296 slip road, the A2 declines steeply to a 
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minimum elevation of 10 mAOD, near the head of the Ebbsfleet River, before 
rising slightly to 20 mAOD at the Scheme’s eastern boundary. 

J.4.2 Near the central part of the Scheme, the land surface descends steeply to the 
north, from elevations close to 80 mAOD in parts of the A2, to around 0 mAOD in 
the former Eastern Quarry, approximately 100 m away. 

J.4.3 The ground rises slightly to the south of the A2, reaching maximum elevations of 
more than 90 mAOD in the village of Bean and to the north-east of Sandy Lane.  

J.5 Geology 

J.5.1 The Geology of Britain viewer (BGS, 2018) shows chalk of the White Chalk 
Subgroup (the Chalk) cropping out along the B255 and to the east of Ebbsfleet 
Junction. The Thanet Sand Formation, which overlies the Chalk, crops out 
across the rest of the Scheme and comprises fine-grained, silty sand (BGS, 
2001a). The Thanet Sand Formation is in turn overlain by sand, silt and clay of 
the Lambeth Formation on higher ground to the south of the Scheme, around the 
village of Bean, where there is also a small outcrop of the overlying London Clay 
Formation, part of the wider Thames Group, as shown in Figure J.2. 

J.5.2 A conceptual cross-section of the geology underlying the Scheme in a north-
south direction is shown in Figure J.3 (BGS, 2002). It shows the Spine Road 
Anticline running through the central part of the Eastern Quarry to the north of 
the Scheme and a gentle syncline, the Bean Syncline, to the south. Deeply 
weathered, highly fractured Chalk (known locally as ‘tea chalk’) is associated 
with the Spine Road Anticline (BGS, 2002). 

J.5.3 A conceptual cross-section of the geology running parallel to the Scheme in an 
east-west direction is shown in Figure J.4 (BGS, 2002). It shows a north-south 
trending zone of increased fracturing/faulting within the Chalk in the eastern part 
of the Scheme, immediately to the west of Ebbsfleet Junction. Rocks within the 
Southfleet Structure of the Chalk, which lies immediately to the east of this zone, 
have been down thrown by up to 20 m relative to the western part of the 
Scheme. 

J.6 Hydrogeology 

Aquifer designation 

J.6.1 The Chalk is designated as a principal aquifer by the Environment Agency. 
Principal aquifers are defined as “layers of rock or drift deposits that have high 
intergranular and/or fracture permeability - meaning they usually provide a high 
level of water storage. They may support water supply and/or river base flow on 
a strategic scale” (Environment Agency, 2018a). 

J.6.2 The Thanet Sand Formation and Lambeth Group are designated as secondary A 
aquifers by the Environment Agency. Secondary A aquifers are defined as 
“permeable layers capable of supporting water supplies at a local rather than 
strategic scale, and in some cases forming an important source of base flow to 
rivers” (Environment Agency, 2018a). 

J.6.3 There are nine inner groundwater Source Protection Zones (Zone 1) within 1 km 
of the Scheme and a further four inner Source Protection Zones within 2 km of 
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the Scheme. Outer Source Protection Zones (Zones 2 and 3) are also present 
beneath the Scheme and the surrounding area; these are shown in Figure J.5.   

J.6.4 There are two WFD designated groundwater bodies underlying the study area: 

• West Kent Darent and Cray Chalk (WB ID GB40601G501800), which underlies 
Bean Junction and the western portion of the Scheme; and  

• North Kent Medway Chalk (GB40601G500300), which underlies Ebbsfleet 
Junction and the eastern portion of the Scheme. 

J.6.5 Both WFD groundwater bodies were given an overall ‘poor’ status in the 2016 
Cycle 2 assessment, with each being assigned ‘poor’ status for both quantitative 
and chemical elements (Environment Agency, 2018).  

J.6.6 The North Kent Medway Chalk groundwater body has a target of achieving good 
status by 2027. Probable reasons for not achieving good status at present are 
listed as: agriculture and rural land management; urban and transport; and 
natural conditions (Environment Agency, 2018). 

J.6.7 The West Kent Darent and Cray Chalk groundwater body has an overall 
objective of ‘poor’ status by 2027, due to disproportionate burdens on the system 
and the disproportionate expense of achieving good status. Groundwater 
abstractions have been confirmed as a reason for not achieving good status at 
present.  Probable reasons for not achieving good status at present are listed as: 
agriculture and rural land management; urban and transport; and water industry 
(Environment Agency, 2018). 

Groundwater levels 

J.6.8 Groundwater levels within 2 km of the Scheme were obtained from the BGS 
(BGS, 2001b; 2018) and the Environment Agency (Environment Agency, 2018b; 
2018c), including data from boreholes used to calibrate the LBM. These data 
have been used to indicate spatial variations in groundwater levels in Figure J.6, 
for a snapshot in time. The majority of the data points shown are from July 2008, 
as the largest number of simultaneous groundwater levels are available for this 
month. Where data are not available for July 2008, the data collected closest to 
this month are shown. 

J.6.9 The data show a general decrease in groundwater levels from nearly 17 mAOD 
in the south to close to 0 mAOD in the north and the natural groundwater flow 
direction in this area is generally northwards, towards the River Thames. 

J.6.10 The presence of several abstraction boreholes (Environment Agency, 2018c; 
Landmark, 2017) has led to localised departures from the natural hydraulic 
gradient, with reported water levels below 0 mAOD in places. As discussed in 
Section 0, numerical modelling has been used to develop an improved 
understanding of groundwater flow directions near the Scheme. 

J.6.11 Based on the available data obtained from the closest observation boreholes, 
groundwater levels beneath the Scheme appear to range from -6 mAOD to 7.5 
mAOD (BGS, 2018; Environment Agency, 2018b). 

Groundwater abstractions 

J.6.12 Groundwater abstractions included in the Environment Agency’s LBM in the 
vicinity of the Scheme are shown in Figure J.7, which shows the average daily 
abstraction rate at these locations since the year 2000. An Envirocheck search 
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(Landmark, 2017) identified a further six licensed groundwater abstractions 
within 2 km of the Scheme. The locations of these additional abstractions, which 
all lie to the north of the Scheme, are also shown in Figure J.7, along with their 
average daily abstraction rate (Landmark, 2017), where these data are available.  

J.6.13 Of the 29 licensed groundwater abstractions listed by Envirocheck within 2 km of 
the Scheme, 21 are public supply boreholes, two are listed as being for ‘general 
industrial’ uses, one is used for Private Water Undertaking, two are used for 
spray irrigation and three are used for managing ‘lake and pond throughflow’ 
(Landmark, 2017). 

J.6.14 Since the 1880s, dewatering from more than 20 quarries, which were all situated 
to the north of the A2, has occurred in the surrounding area (BGS, 2001a). 
Dewatering rates have reduced significantly since the 1960s however. Most of 
the quarries have now been backfilled, although some of them continue to 
require limited dewatering (BGS, 2001a).  

J.6.15 The former Western Quarry, which lies immediately west of the B255 and 500 m 
to the north of the A2, was backfilled in 1994 to an elevation of +6.5 mAOD, in 
preparation for the Bluewater shopping centre. Since 1994, groundwater 
abstractions from the site have continued, at an average rate of approximately 
40 m3/day (Environment Agency, 2018c). 

J.6.16 The Eastern Quarry, which lies immediately to the north of the A2, in the central 
part of the Scheme, ceased to operate in 2007. The BGS estimated average 
dewatering rates of 20-25 Ml/day when the quarry was operational (BGS, 
2001a). 

Aquifer properties 

J.6.17 MacDonald & Allen (2001) summarised the aquifer properties of the Chalk, 
based on the results of more than 2000 pumping tests. The Scheme lies within 
the area designated by MacDonald & Allen (2001) as the ‘North Downs’, where 
data from 57 pumping tests were used to characterise the Chalk. 

J.6.18 MacDonald & Allen (2001) reported a median transmissivity of 670 m2/day and a 
median storage coefficient of 0.0036 within the ‘North Downs’ area.  

J.6.19 Thames Water subsequently conducted a multiple borehole pumping test, 
comprising six abstraction locations and 31 observation boreholes, to develop a 
greater understanding of the aquifer properties of the Chalk in the Swanscombe 
area (Mansour et al., 2011).  

J.6.20 Numerical analysis of the data by Mansour et al. (2011) gave an estimated 
transmissivity of 1,340 m2/day, an estimated specific storage of 1 x 10-5 m-1 and 
an estimated specific yield of 0.012. 

J.6.21 The analysis conducted by Mansour et al. (2011) indicates strong anisotropy in 
the Chalk in this area. The estimated value for horizontal hydraulic conductivity 
(22.33 m/day) exceeds the estimated vertical hydraulic conductivity (0.086 
m/day) by more than two orders of magnitude and indicates that there may be 
relatively little vertical flow within the Chalk near the Scheme.   
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Previous conceptualisation of groundwater flow 

J.6.22 Conceptual models of the local geology and hydrogeology were developed by 
the BGS (2001a; 2001b; 2002), as part of detailed studies of the Swanscombe 
area, including the area covered by the Scheme. 

J.6.23 Fissure flows dominate groundwater movement in the Chalk. Borehole logging 
conducted by the BGS (2002) found that the highest inflows occurred in the 
Seaford Chalk Formation, which is the uppermost Chalk unit beneath the 
Scheme, and the uppermost and lowermost 10 m of the underlying Lewes 
Nodular Chalk Formation.  

J.6.24 There is some evidence of karst flow in the area, and karst type pipe flow into the 
Eastern Quarry was reported at an elevation of 3.0 mAOD (BGS, 2001a).  

J.6.25 The ‘best’ conceptual model, as described by the BGS (2002) is provided in 
Figure J.8 as a cross-section across the Scheme and in plan view in Figure J.9. 
The figures indicate a general northward flow of groundwater across the 
Scheme, with shallow groundwater in the Seaford Chalk Formation and the top 
of the Lewes Nodular Chalk Formation flowing towards the Eastern Quarry. The 
model shows groundwater in the deeper part of the Lewes Nodular Chalk 
Formation discharging to the River Thames or bypassing the river and flowing 
further northwards.  

J.6.26 The structure of the Chalk is thought to inhibit flow in an east-west direction 
(BGS, 2002). This is supported by hydrochemistry data (particularly CFC and 
SF6), which indicate that groundwater entering the Eastern Quarry is most likely 
to have come from a south/south-westerly direction (BGS, 2002). 

Numerical modelling of historical conditions 

J.6.27 The LBM is a numerical model of the London Basin groundwater system (ESI, 
2013). It was originally developed in 2013 to improve the Environment Agency’s 
ability to make water resource decisions, with a particular focus on the Chalk, 
and it has been updated regularly to reflect the most recent understanding of 
aquifer properties, groundwater-surface water interactions and abstractions 
across the London Basin.  

J.6.28 The LBM was used to develop an improved understanding of groundwater levels 
and flow directions in the vicinity of the Scheme. Prior to further analysis, an 
initial assessment was conducted on the quality of model calibration in this area 
during a historical model run (simulation LBM101h, as recorded by the 
Environment Agency), covering the period from 1965 to 2013 (output data were 
produced by the model for each stress period, approximately three times per 
month). 

J.6.29 As shown in Table J.1, the LBM matches observed groundwater levels near the 
Scheme more closely than in the rest of the model domain. 
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Table J.1: LBM calibration statistics (entire model and within 5 km of 
Scheme centroid) 

Scope No of 
BHs 

Median RMS 
error (m) 

Percentile vs. entire model 
(%) 

All LBM calibration BHs 173 1.35 50 

Calibration BHs < 5 km 
from Scheme centroid 

10 0.53 16 

J.6.30 Modelled groundwater levels within 5 km of the Scheme (based on Scheme 
centroid coordinates of NGR 559621 172717) have a median root mean squared 
(RMS) error of 0.53 m (relative to observed values), compared to a median RMS 
error of 1.35 m for the LBM as a whole. The closeness of fit to these nearby 
boreholes is equivalent to the 16th percentile of all calibration points within the 
entire model domain (i.e. 84% of calibration points in the LBM display a poorer fit 
between modelled and observed values). 

J.6.31 As shown in Figure J.10, modelled stream flows in the River Darent at Hawley 
(1.4 km of the Scheme’s westernmost extent) closely match the observed data at 
this location, particularly during periods of low flow when the contribution of 
groundwater (as baseflow) is likely to be most significant. No model calibration 
data are available for flows in the Ebbsfleet River, to the east of the Scheme. 

J.6.32 Modelled groundwater level contours for the end of December 2013, constituting 
the final time step simulated by the LBM are shown in Figure J.11. Simulated 
groundwater levels range from approximately 6 mAOD in the northern part of the 
Scheme to around 11 mAOD in the south, with groundwater levels of 7-9 mAOD 
between the Bean and Ebbsfleet junctions. 

J.6.33 The contours in Figure J.11, and the associated groundwater flow vectors in 
Figure J.12, indicate northwards flow of groundwater across most of the 
Scheme. 

J.6.34 The model shows a component of flow to the northeast near Ebbsfleet Junction. 
The results in Figure J.12 indicate that groundwater in this area flows towards 
the Point 1 Greensand Borehole, Northfleet, an abstraction well used for 
industrial process water (Landmark, 2017), while groundwater beneath the rest 
of the Scheme flows towards the River Thames. 

J.6.35 The modelled results for a snapshot in time six months earlier, in June 2013, are 
shown in Figure J.13 (contours) and Figure J.14 (flow vectors). Although 
modelled groundwater level contours are approximately 1 m lower across the 
Scheme than in December 2013, modelled flow directions do not change 
significantly between these two time-periods. 

J.6.36 To assess groundwater levels and flow during wet conditions, the model outputs 
from March 2001, when the highest groundwater levels in the transient 
simulation occurred, are shown in Figure J.15 (contours) and Figure J.16 (flow 
vectors). 

J.6.37 Simulated groundwater levels for this period range from approximately 7 mAOD 
in the north-eastern part of the Scheme to nearly 16 mAOD in the south, with 
groundwater levels of 9-14 mAOD between the Bean and Ebbsfleet junctions. 
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J.6.38 The results for March 2001 indicate continued northward groundwater flow, 
towards the River Thames, in the central part of the Scheme. In the western part 
of the Scheme, the model shows a component of north-westerly flow, towards 
the River Darent, that was not observed in the results for 2013 (representing 
drier conditions). Beneath the eastern part of the Scheme, there is a larger 
component of north-easterly flow towards the Ebbsfleet River and the Point B at 
Blue Lake Cement Works borehole, an abstraction well used for construction 
dewatering (Landmark, 2017). 

J.6.39 The sizes of the groundwater flow vectors in Figure J.16 (which are proportional 
to the square root of their magnitude for display purposes) indicate more rapid 
groundwater flow during wet conditions. 

J.6.40 To assess groundwater levels and flow during dry conditions, the model outputs 
from September 1976, when the lowest groundwater levels in the transient 
simulation occurred, are shown in Figure J.17 (contours) and Figure J.18 (flow 
vectors). 

J.6.41 Simulated groundwater levels for this period range from approximately 
1.5 mAOD in the north-eastern part of the Scheme to around 9 mAOD in the 
southwest, with groundwater levels of 3-7 mAOD between the Bean and 
Ebbsfleet junctions. 

J.6.42 Modelled groundwater flow directions for September 1976 are to the north or 
north-east across the Scheme. The River Thames and the Point B at Blue Lake 
Northfleet Cement Works borehole are the main modelled receptors of 
groundwater flowing beneath the Scheme. 

J.6.43 The sizes of the groundwater flow vectors in Figure J.18 (which are proportional 
to the square root of their magnitude for display purposes) indicate slower 
groundwater flow beneath the Scheme during dry conditions. 

Summary of numerical modelling of historical conditions 

J.6.44 Overall, numerical modelling of historical conditions indicates that groundwater 
flows in a broadly northerly direction beneath the Scheme, under a wide range of 
climatic conditions.  

J.6.45 Following prolonged dry periods when groundwater levels are at their lowest, (as 
shown by the results for September 1976) modelled groundwater flow is 
relatively slow and to the north/north-east across the Scheme.  

J.6.46 Following prolonged wet conditions, when groundwater levels are at their highest 
(as shown by the results for March 2001), modelled groundwater flow in the 
central part of the Scheme is northward and towards the River Thames. A north-
westerly component can be observed in the western part of the Scheme. In the 
eastern part of the Scheme the flow is towards the north-east. 

J.6.47 Results from 2013, the most recent year simulated by the LBM, show a 
negligible change in groundwater flow direction between summer (June) and 
winter (December) conditions. The flow direction across most of the Scheme is 
towards the north and the River Thames, with a north-easterly component near 
Ebbsfleet Junction. 

J.6.48 The main findings of the historical modelling are summarised in Table J.2 below. 
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Table J.2: Summary of numerical modelling of historical conditions 

Time Conditions Modelled groundwater flow conditions 

September 

1976 

Extreme dry 

(Lowest GW levels) 

Slow flow to the north/north-east across 
the Scheme, towards the River Thames, 
the Ebbsfleet River and the Point B at 
Blue Lake Cement Works borehole. 

March 

2001 

Extreme wet 

(Highest GW levels) 

 

Northward flow, towards the River 
Thames, in the central part of the 
Scheme.  

North-westerly flow, towards the River 
Darent in the western part of the Scheme. 

North-easterly flow towards the Ebbsfleet 
River and the Point B at Blue Lake 
Cement Works borehole beneath the 
eastern part of the Scheme. 

June 

2013 

Recent summer 

(GW ~1 m lower 
than December 
2013) 

Northwards flow, towards the River 
Thames, across most of the Scheme with 
a component of north-easterly flow near 
Ebbsfleet Junction, towards the Point 1 
Greensand Borehole, Northfleet. 

December 

2013 

Recent winter  

(final stress period 
in LBM) 

(GW ~1 m higher 
than June 2013) 

Northwards flow, towards the River 
Thames, across most of the Scheme with 
a component of north-easterly flow near 
Ebbsfleet Junction, towards the Point 1 
Greensand Borehole, Northfleet. 

Numerical modelling of future scenarios 

J.6.49 To assess groundwater levels and flow directions in the future, two standard 
scenarios were investigated in the LBM, covering the period from 2014 to 2062: 

• Recent Actual, which assumes that the average of recorded abstractions 
between 2008 and 2013 continue throughout the simulation; and  

• Fully Licensed, which conservatively assumes that all modelled groundwater 
abstractions operate at their full licensed rate throughout the simulation. 

J.6.50 Each scenario applies the same time-varying pattern of recharge as 
implemented in the historical model runs. 

J.6.51 The wettest period in the Recent Actual simulation occurs in March 2049 
(equivalent to modelled climatic conditions in March 2001). The results for this 
time period and scenario are shown in Figure J.19 (contours) and Figure J.20 
(flow vectors). 
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J.6.52 Modelled groundwater levels for this scenario are similar to those in the historical 
simulation during March 2001, ranging from approximately 8 mAOD in the north-
eastern part of the Scheme to nearly 15 mAOD in the south, with groundwater 
levels of 9-14 mAOD between the Bean and Ebbsfleet junctions. 

J.6.53 Under the Recent Actual scenario, modelled flow directions in March 2049 are 
similar to those simulated in March 2001, although the Point 1 Greensand 
Borehole, Northfleet (rather than the Point B at Blue Lake Cement Works 
borehole) receives groundwater from the most easterly part of the Scheme. 
Beneath Ebbsfleet Junction, there remains a component of north-easterly flow 
towards the Ebbsfleet River and there is continued northward groundwater flow, 
towards the River Thames, in the central part of the Scheme. In the western part 
of the Scheme, the model shows a component of north-westerly flow, although 
the River Thames, rather than the River Darent, appears to be the main receptor 
during extreme wet conditions under this scenario. 

J.6.54 The corresponding results for the Fully Licensed scenario following sustained 
wet conditions (March 2049) are shown in Figure J.21 (contours) and Figure J.22 
(flow vectors). Despite a slight lowering of modelled groundwater levels beneath 
the Scheme, simulated groundwater flow directions and receptors are essentially 
unchanged from the Recent Actual scenario described previously. 

J.6.55 The driest period in the Recent Actual simulation occurs in September 2024 
(equivalent to modelled climatic conditions in September 1976). The results for 
this time period and scenario are shown in Figure J.23 (contours) Figure J.24 
(flow vectors). 

J.6.56 Modelled groundwater levels beneath the Scheme for this scenario are similar to 
those in the historical simulation during September 1976, with the exception of 
Ebbsfleet Junction, where reduced abstractions from the Point B at Blue Lake 
borehole to the north-east have led to higher groundwater levels in the Recent 
Actual simulation (3 mAOD at the northern edge of Ebbsfleet Junction, compared 
to 1.5 mAOD in the historical simulation). 

Summary of numerical modelling of future scenarios 

J.6.57 Overall, modelled groundwater flow directions in the future scenarios are similar 
to those for historical conditions. In the model, groundwater flows in a broadly 
northerly direction beneath the Scheme, under a wide range of climatic 
conditions.  

J.6.58 Following prolonged dry periods when groundwater levels are at their lowest, (as 
shown by the results for September 2024) modelled groundwater flow in both 
scenarios is relatively slow and to the north/north-east across the Scheme.  

J.6.59 Following prolonged wet conditions, when groundwater levels are at their highest 
(as shown by the results for 2049), modelled flow in the central part of the 
Scheme is northward and towards the River Thames in both scenarios. In both 
scenarios, modelled flow in the western part of the Scheme is to the north-west, 
and to the north or north-east in the eastern part of the Scheme. 

J.6.60 The main findings of the future scenario modelling are summarised in Table J.3 
below. 
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Table J.3: Summary of numerical modelling for future scenarios 

Time Conditions Main findings 

September 

2024 

Extreme dry 

(Lowest GW levels) 

Slow flow to the north/north-east across 
the Scheme, towards the River Thames, 
the Ebbsfleet River and the Point 1 
Greensand Borehole, Northfleet. 

March 

2049 

Extreme wet 

(Highest GW levels) 

 

Northward flow, towards the River 
Thames, in the central part of the 
Scheme. 

North-westerly flow, towards the River 
Darent in the western part of the 
Scheme. 

North-easterly flow towards the Point 1 
Greensand Borehole, Northfleet and 
Ebbsfleet River beneath the eastern part 
of the Scheme. 

J.7 Potential sources of contamination 

J.7.1 The following potential sources of contamination have been listed in the ES: 

• One active and four historical recorded landfills. The closest of these (Northfleet 
Landfill extension) is located approximately 700 m north of Ebbsfleet Junction. 

• Areas of Made Ground or infilled ground (pits, quarries, road construction/ 
embankments). 

• A car breakers, a haulage company, three timber suppliers, a concrete 
manufacturer, a clay pigeon shooting centre, two garden centres, two electricity 
substations (one active and one decommissioned), a waterworks, a pumping 
station, a supermarket (with vehicle cleaning services), a historical 'Works', two 
historical nurseries and three fuel stations (one active and two historical).  

• Potentially unknown land use within the Bean Triangle and the possible 
presence of septic tanks. 

• Several historical chalk, clay and sand pits associated with quarrying/ 
brickworks. 

• A dismantled railway. 

J.7.2 The topography described in Section J.4, and the model results presented in 
Figures J-10 to J-25, indicate that the majority of the Scheme lies substantially 
above the water table. In most cases, any residual contamination beneath the 
Scheme from these potential sources would be likely to exist within the 
unsaturated zone, either in the Thanet Sand Formation or in the Seaford Chalk 
Formation. As such, the primary risk of groundwater contamination associated 
with the Scheme would depend on the formation of a pathway from source to 
receptor (e.g. from groundworks associated with construction). 
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J.7.3 Existing soakaways are likely to increase recharge locally and represent another 
potential pathway for near surface contaminants to enter groundwater. It is 
possible that contaminants may have accumulated within these soakaways, 
which may now be acting as sources of residual contamination.  

J.8 Piling, construction work and proposed development 

J.8.1 It is expected that deep piling, installation of new soakaways and the movement 
of fill material during construction are the activities associated with the Scheme 
that are most likely to (if at all) impact groundwater. The layout of the Scheme is 
shown in the Scheme Drawings in Volume 3. 

Piling at Bean Road Overbridge and Sandy Lane 

J.8.2 The deepest piling is expected to occur at the Bean Road Overbridge, reaching a 
maximum depth of 20 m below ground level (48.98 m AOD). The LBM results 
suggest that the base of these piles would lie around 34 m above the water table 
following sustained wet conditions (Figure J.15 and Figure J.19) and at a greater 
separation under normal conditions. This is the deepest any proposed works will 
penetrate the ground and lies close to the Bean Triangle, in the western part of 
the Scheme. 

J.8.3 Shallower piles of less than 20 m depth are expected on the northern side of the 
A2, 120 m west of the existing Sandy Lane subway, to support a new cantilever 
gantry. These are expected to reach a minimum elevation of 39.4 mAOD. The 
LBM results suggest that the base of these piles would lie around 24 m above 
the water table following sustained wet conditions (Figure J.15 and Figure J.19), 
and at a greater separation under normal conditions. 

J.8.4 Based on the LBM results (Figures J-11 to J-26) and previous conceptualisation 
of the area by the BGS (2002) (Figure J.8), groundwater beneath the proposed 
piles at the Bean Road Overbridge and those near Sandy Lane is expected to 
flow consistently northwards, towards either the Eastern Quarry or the River 
Thames. 

Piling on north side of A2, immediately south of Ebbsfleet Junction 

J.8.5 Piling for a final new gantry is expected on the north side of the A2, immediately 
south of Ebbsfleet Junction. The piles are not expected to exceed 20 m depth, 
reaching a minimum elevation of -6.4 mAOD. 

J.8.6 The LBM results suggest that the water table may lie between 2 and 11 mAOD in 
this area, depending on climatic conditions and groundwater abstraction rates in 
the surrounding area. As such, the piling near Ebbsfleet Junction is expected to 
extend for several metres below the water table and into the Chalk. Based on the 
LBM results and previous conceptualisation, groundwater in this area is 
expected to flow towards the north/north-east. 

J.8.7 A former petrol station lies immediately to the north of this proposed piling 
location. Although groundwater in the LBM flows from the proposed piling 
location to the former petrol station under all modelled scenarios and time 
periods (Figures J-11 to J-26), there remains a low risk of the piles intercepting 
contamination associated with this site considering that the groundwater is 
flowing to the north and towards the River Thames. 



A2 Bean and Ebbsfleet Junction Improvements 
Environmental Statement 
Volume 2 – Appendix J.3 Hydrological Risk Assessment 

 

Revision C02 Page 17 of 47 
 

Fill Material 

J.8.8 Fill material may be reused as part of the proposed works. At present, this 
material has not been characterised and it is possible that it contains potential 
groundwater contaminants. 

Soakaways 

J.8.9 Several new soakaways are planned as part of the Scheme; the locations of 
these soakaways are discussed in Chapter 8 of the ES. These may act as 
pathways for potential near-surface contaminants to reach the water table. 

J.9 Conclusions and recommendations 

J.9.1 The majority of the Scheme is expected to lie several tens of metres above the 
water table, even following sustained wet conditions, although groundwater may 
lie within a few metres of the surface in the eastern part of the Scheme, near 
Ebbsfleet Junction. 

J.9.2 Groundwater beneath the Scheme is expected to lie within the Seaford Chalk 
Formation, and flow in a generally northerly or north-easterly direction throughout 
the range of likely climatic conditions. Flow within the Chalk is controlled by 
fractures, with some evidence of karst features. 

J.9.3 Future simulations produced by the LBM indicate that the River Thames, the 
Eastern Quarry, the Ebbsfleet River and the Point 1 Greensand Borehole, 
Northfleet are the most likely receptors of groundwater from beneath the 
Scheme, under a wide range of climatic conditions. The model results, when 
considered in conjunction with the proposed Scheme activities, indicate that the 
proposed works do not pose an appreciable risk to abstraction boreholes to the 
south of the Scheme. This assessment is based on the modelled depths of 
groundwater, groundwater flow directions and potential sources of 
contamination.  

J.9.4 A GI should be carried out to confirm ground conditions across the Scheme. It is 
likely that groundwater within the Chalk aquifer will be encountered in some of 
the exploratory boreholes, particularly those in the eastern part of the Scheme. 
The GI specification will include aquifer protection / clean drilling methods. 

J.9.5 Following the GI, a piling risk assessment, a contaminated land risk assessment 
(update from the existing assessment included in the ES) and a detailed 
quantitative risk assessment should be carried out and submitted to the 
Environment Agency for review. If the proposed design changes to penetrate to 
a greater depth, a further piling risk assessment should be conducted. 

J.9.6 Piling works in the eastern part of the Scheme, as part of a proposed new gantry, 
are expected to penetrate the Chalk aquifer beneath the water table. Potential 
contaminants may be present in groundwater and in the unsaturated zone in this 
area, given the presence of a former petrol station to the north. 

J.9.7 A ground investigation (GI) should be carried out prior to these works, to identify 
potential groundwater contaminants from the former petrol station to the north 
and assess the risks to groundwater posed by the proposed works. The risk 
assessment should be used to develop suitable control measures. 
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J.9.8 The water table is expected to lie several tens of metres below the remaining 
piles proposed as part of the Scheme, which are due to be sited on higher 
ground to the west, near the Bean Road Overbridge and Sandy Lane, 
respectively. 

J.9.9 The risks to groundwater are considered to be relatively low as a result of these 
piling works, although exploratory drilling and sampling as part of the GI should 
be used to identify any potential contaminants at these locations.  

J.9.10 Any fill material encountered during construction works has the potential to be 
contaminated and should be assessed in line with the Definition of Waste Code 
of Practice (DoW CoP) (CL:AIRE, 2011) prior to reuse within the Scheme or off-
site disposal. Trigger levels for potential contaminants of concern should be 
developed in consultation with the Environment Agency, as part of a wider 
Materials Management Plan. 

J.9.11 The locations of proposed soakaways should be investigated as part of the GI. In 
the event that fill material is encountered at these locations, it should be tested 
for the presence of potential groundwater contaminants. If trigger levels of 
potential contaminants of concern are exceeded, a groundwater risk assessment 
should be conducted prior to further works proceeding. 

J.9.12 The proposed soakaways should be lined, to allow inspection and maintenance 
in the future. This will allow any risks to groundwater to be identified at an early 
stage and mitigation measures to be implemented.   

J.9.13 The GI should include an assessment of existing soakaways, in order to identify 
any potential contamination within them. If contamination is identified that 
exceeds agreed trigger levels, these soakaways should be decommissioned and 
replaced.  
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J.11 Annex A Figures 
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 Figure J.1: Scheme boundary and topographic contours 

1.1.2  
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Figure J.2: Geological map of the Scheme and surrounding area, with lines of section (BGS, 2018) 
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Figure J.3: Conceptual cross-section A-A' showing the geology beneath the Scheme in a north-south direction (adapted 
from BGS, 2002) 
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Figure J.4: Conceptual cross-section B-B' showing the geology parallel to the Scheme in an east-west direction (adapted 
from BGS, 2002) 
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Figure J.5: Groundwater Source Protection Zones in the vicinity of the Scheme 
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Figure J.6: Reported groundwater levels in mAOD in the vicinity of the Scheme. 
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Figure J.7: Licensed groundwater abstractions and abstraction rates if known in the vicinity of the Scheme. 
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Figure J.8: Cross-section showing the 'best' conceptual model developed by the BGS (2002) in a north-south direction 
across the Scheme. 

 



A2 Bean and Ebbsfleet Junction Improvements 
Environmental Statement 
Volume 2 – Appendix J.3 Hydrological Risk Assessment 

 

Revision C02 Page 29 of 47 
 

 

Figure J.9: Plan view of the 'best' conceptual model developed by the BGS (2002) 
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Figure J.10: Observed vs modelled flow in the River Darent at Hawley 
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Figure J.11: LBM groundwater level contours (December 2013) 
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Figure J.12: LBM groundwater flow vectors (December 2013) 
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Figure J.13: LBM groundwater level contours (June 2013) 
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Figure J.14: LBM groundwater flow vectors (June 2013) 
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Figure J.15: LBM groundwater levels contours following sustained wet conditions (March 2001) 
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Figure J.16: LBM groundwater flow vectors following sustained wet conditions (March 2001) 
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Figure J.17: LBM groundwater levels following sustained dry conditions (September 1976) 
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Figure J.18: LBM groundwater flow vectors following sustained dry conditions (September 1976) 
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Figure J.19: LBM groundwater level contours following sustained wet conditions in the Recent Actual scenario (March 
2049) 
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Figure J.20: LBM groundwater flow vectors following sustained wet conditions in the Recent Actual scenario (March 
2049) 
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Figure J.21: LBM groundwater level contours following sustained wet conditions in the Fully Licensed scenario (March 
2049) 
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Figure J.22: LBM groundwater flow vectors following sustained wet conditions in the Fully Licensed scenario (March 
2049) 
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Figure J.23: LBM groundwater level contours following sustained dry conditions in the Recent Actual scenario 
(September 2024) 
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Figure J.24: LBM groundwater flow vectors following sustained dry conditions in the Recent Actual scenario (September 
2024) 
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Figure J.25: LBM groundwater level contours following sustained dry conditions in the Fully Licensed scenario 
(September 2024) 
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Figure J.26: LBM groundwater flow vectors following sustained dry conditions in the Fully Licensed scenario (September 
2024) 
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