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1 INTRODUCTION 

1.1 Background 
This report has been prepared in response to Question 6 of Environmental Permit 
Application Form Part B2 (Version 10, January 2017) and accompanying Guidance Notes. 

The question asks for an Environmental Risk Assessment (ERA) to provide a simple 
assessment of the risks to the environment and human health from: odour; noise; fugitive 
emissions (including dust and contaminated land); and accidents. 

This assessment has been completed in accordance with prevailing Environment Agency 
(EA) technical guidance (Environment Agency, 2017). It is noted that this guidance replaces 
previous EA H1 Guidance (Environment Agency, 2011a and 2011b), however, the H1 
methodology is considered to remain appropriate. 

EA guidance requires that all receptors that are proximate to the site, and could be 
reasonably affected by the activities, are identified and considered as part of the ERA.  Risk 
prevention through operational management should also be detailed. 

This ERA should be read in conjunction with the accompanying suite of documents which 
include the Environmental Setting and Site Design (ESSD) (ESI Report 66250R2) which 
have been prepared in support of this Permit application. 

1.2 Site setting 
The application area of Wennington Quarry Landfill (the Site), as shown in Drawing 
66250D1, covers approximately 25.3 ha and is currently in rotational agricultural use.  
Following the extraction of sand and gravel from the Site, it is proposed to restore the land 
back to agricultural use, including infilling with inert material. 

The proposed Environmental Permit (EP) boundary is provided Drawing 66250D2, it should 
be noted that the EP boundary does not include an area in the south-west corner of the 
planning boundary known as “Church Field” as no mineral extraction or landfill will occur in 
this area. 

The Site is centred on National Grid Reference (NGR) TQ 54160 81220. 

1.3 Proposed development 
The Site benefits from planning permission, granted at appeal in May 2017 (Appeal 
referenced: APP/B5480/W/16/3159082) which provides planning consent for: 

“The winning and working of minerals, the erection of a low-profile processing plant, 
workshop, site office, welfare unit, weighbridge and wheel cleaner and other ancillary 
buildings with restoration using pre-treated imported suitable inert materials to return 
the land to agricultural use.” 

The appeal decision notice details that the permitted development (from commencement of 
mineral extraction to completion of restoration) shall be limited to a period of 9 years. The 
total infill is not to exceed 300,000 tonnes per year and 2.5M tonnes in total. 

Further detail relating to the Site history, setting and proposed operations is provided in the 
accompanying ESSD report (ESI report 66250R2). 
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2 SITE SETTING AND RECEPTORS 

2.1 Local land use summary 
A summary of local land use is provided in Table 2.1. 

Table 2.1 Surrounding Land Uses 

Boundary Description 

North 
Site immediately bounded to the north by East Hall Lane, beyond which is 
agricultural land, the A1306 road, active mineral sites and residential suburbs of 
Rainham. 

East Site immediately bounded to the east by the A1306 road and Ingrebourne Links 
Golf Complex. 

South 
Site immediately bounded to the South by B1335 Wennington Road, Wennington 
Hall and Cottages and the small village of Wennington. Beyond which is 
agricultural land the A13 road, rail line and the Inner Thames Marshes SSSI. 

West 

Site immediately bounded to the West by Church Lane, beyond which is 
agricultural land, Landthorpe House, East Hall Farm, the B1335 road, rail line, 
A13 and Inner Thames Marshes SSSI. 

Havering Aggregates have recently commenced mineral extraction in this area 
between the Site and East Hall Farm. 

The local setting is indicated on mapping provided in Drawing 66250R6. Further detail is 
provided in Plan No 1308/W/SC/1 which is included in Appendix B to the accompanying 
ESSD report. 
2.1.1 Residential properties 
The nearest residential properties adjacent to or within 50 m of the Site are Wennington Hall 
and Cottages, properties on Wennington Road and properties on Church Lane.  Landthorpe 
House and East Hall Farm are located within 200 m from the Site boundary (Plan No 
1308/W/SC/1 which is included in Appendix B to the accompanying ESSD report). 

2.1.2 Industrial/Commercial properties 
The nearest known commercial property is that associated with a frozen and chilled food 
supply company located on East Hall Farm, approximately 250 m to the west of the Site.  It 
is understood that a vehicle parts company, Taylor Motor Spares, is located on land adjacent 
to Landthorpe House approximately 200 m to the west of the Site. 

2.1.3 Agricultural land 
Agricultural land is present to the north, south and west of the Site. 

2.1.4 Public open space 
Ingrebourne Links golf course is located to the east of the Site on the opposite side of the 
A1306 ‘New Road’. 

2.1.5 Public rights of way 
The A1306 ‘New Road’ follows the eastern boundary of the Site.  The B1335 ‘Wennington 
Road’ follows part of the southern boundary of the Site.  Church Lane follows the western 
boundary of the Site and East Hall Lane follows the northern boundary of the Site. 

No public rights of way (e.g. footpath, bridleway, byway etc) are located within the Site 
boundary. As indicated in Plan No 1308/W/SC/1 (Appendix B to the accompanying ESSD 
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report), public rights of way other than roads appear absent in the local area, with only a 
small length of public footpath indicated approximately 300m to the south-east of the Site, 
linking the B1335 and A1306. 

2.1.6 Other 
St Mary and Peter’s Church is located on Wennington Road to the south-west corner of the 
Site (however it should be noted that quarrying and restoration activity will not extend into 
this corner of the Site). 

Wennington Fire Station is located to the south of the Site.  A ‘Premier Inn’ hotel is located 
approximately 150 m to the south-east of the Site, immediately to the south of Ingrebourne 
Links golf course. 

2.2 Controlled waters 
The Site geo-environmental setting, including detailed description of geological, hydrological 
and hydrogeological conditions is presented in the accompanying ESSD.  Additional 
information is presented in a series of reports prepared in support of planning as detailed in 
Table 3.1. An Environmental data report is appended to the accompanying ESSD and a 
Hydrogeological Risk Assessment (HRA) has also been prepared in support of this 
application (ESI Report 66250R4). 

Table 2.2 provides a summary of the geo-environmental setting for the Site which has been 
derived from these sources. 

Table 2.2 Geo-Environmental Setting 

Geology 

British Geological Survey (BGS) mapping indicates the following geological 
strata to underlie the Site: 

Superficial Deposits: consisting of Sand and Gravel of the Taplow Gravel 
(River Terrace Deposits). Present to typical thickness of between 4.5 m – 7.5 m 
at the Site.  Alluvial deposits are present beyond the Site boundary associated 
with local water courses. 

Bedrock: consisting of London Clay proven locally to a thickness of over 40 m. 
London Clay is underlain in turn by the Lambeth Group and Thanet Sands which 
overlie the Chalk at depth. 

Manmade deposits: the area surrounding Site has been subject to historical 
quarrying and landfilling, notably Moor Hall Farm to the east of the Site. 
Historical landfills commonly are not engineered or actively regulated and 
including industrial and domestic wastes. 

Hydrogeology 

Taplow Gravel classified as a “Secondary A Aquifer”.  Alluvium (where present) 
classified as a “Secondary (undifferentiated) Aquifer”. London Clay classified as 
“Unproductive Strata”. Chalk at depth is classified as a “Principal Aquifer”. The 
Site is not located in a groundwater SPZ. 

The primary on-Site aquifer unit is shallow groundwater within the superficial 
Taplow Gravel (extending to a maximum thickness at the Site of c.7.5 m), this is 
underlain by more than 40 m of low permeability London Clay (non-aquifer) 
which affords significant protection to the underlying Principal Chalk aquifer at 
depth. 

The average saturated thickness of superficial deposits across the Site is 3 m. 

Groundwater monitoring data is available for a network of groundwater 
monitoring boreholes which are present on an adjacent site to the east. In 
addition, six groundwater/gas monitoring wells are installed around the perimeter 
of the application Site. 

Groundwater flow within the superficial sand and gravels is to the south-west. A 
small groundwater divide may be present at the Site which may lead to a small 
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component of groundwater flow to the north-west and Common Watercourse. 

Three groundwater abstractions are located within 1km of the Site, all three are 
to the north and therefore up-gradient of primary groundwater flow from the Site.  
Overall, groundwater flow is to the south-west in the direction of the Inner 
Thames Marshes SSSI River Thames, with some local discharges to surface 
water bodies in the area. 

Groundwater quality associated with landfilling immediately to the east of the 
Site is known to be impacted by ammoniacal nitrogen, sulphate, phenol and 
PAH species however pollution effects are relatively localised and may be of 
limited significance. 

Hydrology 

Shallow drainage ditches are present along the current Site boundary with a 
larger drainage ditch in the south-east corner of the Site. This ditch drains into a 
dense network of ditches and land drains which drain towards the Inner Thames 
Marshes SSSI and the River Thames. Common Watercourse is located 
approximately 280 m to the north-west of the Site and also drains to the Inner 
Thames Marshes SSSI. 

As detailed in the accompanying ESSD, the Site will be dewatered to allow extraction of the 
mineral and restoration with inert wastes.  Extensive studies have been undertaken for the 
purpose of planning to determine the water management scheme and associated mitigation 
(Table 3.1). 

The total dewatering discharge requirement for the Site, based on a summation of rainfall 
and groundwater ingress, has been calculated as 20.2 l/s or 1,748 m3/day, albeit this is 
based on a series of conservative assumptions. 

In each working phase water will be collected in a sump at the base of the excavation, this 
water will be pumped to a temporary drainage ditch in the centre of the Site which will lead to 
an attenuation/recharge pond on the southern Site boundary.  As such during much of the 
operational period abstracted water from the void will be returned to ground.  The 
attenuation/recharge pond will feature and overflow if required during storm events.  Under 
normal climatic conditions direct discharge from the Site will be minimised and water will 
percolate back to the aquifer naturally. 

A series of settlement lagoons are proposed to remove suspended solids within the mineral 
processing circuit.  However, this will be a closed circuit with no output and top up with 
groundwater/surface water dewatering water.  It is likely that the suspended solid content of 
the influent groundwater will be low and additional settlement will be possible within the on-
site drainage ditches and recharge pond discussed above. 

Post restoration, once the ground surface is restored back to the existing contours, the 
proposed attenuation basin will offset the impact of climate change resulting in less run-off 
leaving the Site in the future than would under the current condition and active dewatering 
will not be required. 

2.3 Ecology 
A Nature and Heritage Conservation Screen has been undertaken through the Environment 
Agency (see Appendix A) (Referenced EPR/FB3408CK/A001). This screen determines the 
presence of nature and heritage conservation, or protected species or habitats which may be 
impacted by the proposal. 

The results of the screen identified five conservation sites and two protected species which 
must be considered in the application. 

2.3.1 Designated Sites 
Designated sensitive sites include Sites of Special Scientific Interest (SSSI), Special Areas 
of Conservation (SAC) and Ramsar sites. 
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Screening (Appendix A) has indicated that the Site is located within 1 km of the Inner 
Thames Marshes (SSSI).  The Inner Thames Marshes SSSI covers an area of 486 ha, 
designated for the protection of wetland habitats bordering the upper reaches of the Thames 
Estuary (Natural England, 2017).  The Inner Thames Marches SSSI designation extends to 
within approximately 400 m from the south-western boundary of the Site as indicated in 
screening mapping presented in Appendix A and Drawing 66250D6. 

No other designated sites (e.g. SSSI, SAC, or Ramsar sites) are located within 1 km of the 
Site. 

2.3.2 Nature Conservation Sites 
Screening mapping provided in Appendix A has indicated that four local wildlife sites are 
present within 200 m of the Site: 

• Wennington, Aveley and Rainham Marshes; 
• St Mary’s and St Peter’s Churchyard, Wennington; 
• Brett Havering Aggregates West; and 
• Common Watercourse and Williams Fishing Lake. 

It has not been possible to ascertain the exact nature of these designations, however, it is 
assumed they may relate to either a priority habitat or local nature reserve. 

The local wildlife site of Wennington, Aveley and Rainham Marshes is also designated as a 
National Nature Reserve (NNR) and is also a RSPB reserve. 

2.3.3 Protected species 
Screening mapping provided in Appendix A has indicated that two protected species are 
identified within 500 m of the Site. 

• European Eel; and 
• Water Vole. 

It is understood that the Common Water Course is a protected migratory route for the 
European Eel which flows into the Inner Thames Marshes as indicated in Appendix A. It is 
uncertain from Appendix A the precise locations of habitats for the Water Vole. 

2.3.4 Other ecological receptors 
Online searches (Natural England, 2017) confirm that there are none of the following 
ecological receptors identified within 1 km of the proposed Permit boundary: 

• National Parks; 
• Areas of Outstanding Natural Beauty; and 
• National Forest. 

2.4 Cultural Heritage 
2.4.1 Listed buildings 
Four buildings within 500 m of the Site have designed Listed status (Natural England, 2017) 
as indicated in Drawing 66250D6. 

• St Mary’s & St Peter’s Church, Wennington (Grade II*) located less than 50 m to the 
south-west of the Site (although c. 100 m from the proposed landfill boundary); 

• Lennard Arms Inn (Grade II) approximately 250 m to the south-east of the Site; 
• The Willows (residential) (Grade II) approximately 200 m to the south-east of the Site. 
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3 POTENTIAL HAZARDS 

3.1 Amenity hazards 
3.1.1 Odour 
Restoration soils to be imported to the Site will not contain putrescible materials, and are 
highly unlikely to present any odour risk as they will consist only of inert materials suitable for 
inert landfill. 

It should also be noted that Condition 34 to the approved planning (refer to Appendix A to 
the accompanying ESSD) requires that: 

‘No development shall take place until a full air quality assessment for the 
development has been submitted to, and approved in writing by, the Local Planning 
Authority for minerals and waste. The assessment shall assess the existing air quality 
in the study area (baseline) and include a prediction of future air quality without the 
development in place (future baseline). The assessment shall then predict and assess 
the air quality with the development in place and identify mitigation measures, as 
appropriate. The assessment shall include a review of impacts in context of national, 
regional and local policies, the basis of determining the significance of impacts, details 
of assessment methods, model verification and identification of sensitive locations 
assessed. Any mitigation and/or monitoring proposed and thereafter approved shall be 
implemented on-site and maintained for the life of the development hereby permitted.’ 

An air quality assessment has been prepared for the Site, to address this planning 
Condition, by Redmore Environmental (2017) which is included in Appendix B. 

As such it is not considered necessary to produce a more detailed odour risk assessment. 

3.1.2 Noise and Vibration 
Noise and vibration associated with the proposed on-Site activity will be restricted primarily 
to the movement and operation of Site plant and on-Site mobile plant and equipment during 
operational hours defined by the full planning permission. All plant will be fitted with 
appropriate and well-maintained silencers. 

Risks associated with noise have been considered within the approved planning for the 
proposed activity (LF Acoustics, 2013), a copy of which is provided in Appendix C. 

Relevant local authorities have approved planning consent for the proposed activity 
therefore considering any risk from noise to be acceptable. 

Furthermore, it is noted that Condition 33 to the approved planning (refer to Appendix A to 
the accompanying ESSD) requires that: 

‘Noise levels from operations undertaken in association with the development hereby 
permitted shall not exceed 55dB(A)LAeq, 1h (free field) when measured at the noise 
sensitive properties defined in the submitted Noise Assessment. Noise levels shall be 
monitored at three monthly intervals from the date of the commencement of 
development at the aforementioned noise sensitive properties to demonstrate 
compliance with the above acceptable level. The results of the monitoring shall 
include: LA90 and LAeq noise levels; the prevailing weather conditions; details and 
calibration of the equipment used for measurement; and comments on other sources 
of noise which affect the noise climate. The monitoring shall be carried out for at least 
two separate durations during the working day, and the results shall be submitted to 
the Local Planning Authority for minerals and waste within one month of the monitoring 
being carried out. The frequency of monitoring shall not be reduced, unless otherwise 
approved in writing by the Local Planning Authority for minerals and waste. In the 
event of an identified exceedance in noise levels, the submitted monitoring results 
shall include a mitigation strategy for the approval in writing of the Local Planning 
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Authority for minerals and waste. The strategy shall outline the measures which will be 
taken to reduce noise levels to within the acceptable parameters. Development shall 
be carried out in accordance with the approved strategy.’ 

Condition 35 to the approved planning (refer to Appendix A to the accompanying ESSD) 
requires that: 

‘No development shall take place until a vibration assessment and a management and 
monitoring plan to control vibration emanating from the site has been submitted to, and 
approved in writing by, the Local Planning Authority for minerals and waste. The 
assessment shall identify potential sources of vibration from the development and 
include a review of identified impacts in context of national, regional and local policies. 
Any mitigation and/or monitoring proposed and thereafter approved shall be 
implemented on-site and maintained for the life of the development hereby permitted.’ 

It is considered that the above conditions will provide appropriate provision to deal with noise 
and vibration effects, and present detail of appropriate mitigation including details of dealing 
with any associated complaints. 

As part of this risk assessment, risks associated with noise and vibration emissions are 
summarised in Table 4.2. 

3.1.3 Dust  
Particulate emissions can arise from the unloading and on-Site handling and placement of 
restoration materials, handling of existing on-Site materials and vehicle movements on-Site 
and on potentially dusty roads. 

Preparation of the Site prior to mineral excavation and subsequent placement of imported 
wastes requires existing soils to be removed and temporarily stockpiled when they are in a 
friable condition. All such soil handline works will be conducted in accordance with prevailing 
Environment Agency guidance as well as relevant industry guidance, including but not 
limited to MAFF (2000) and DEFRA (2009). 

In order to reduce any impact on local receptors, the method of handling existing on-Site 
soils will be through appropriate use of excavators and Site plant to ensure that the soils are 
only moved in small quantities at any one time allowing these to be stockpiled and 
compacted soon after to minimise further drying and the risk of dust generation. 

Strict waste acceptance controls will ensure that only suitable inert restoration and soil 
forming materials will arrive to and be deposited at the Site which will not include dry or 
dusty materials. Any rogue or dusty loads which may arrive on Site will either be rejected 
upon arrival or quarantined on-Site with sheeting prior to off-Site disposal. 

Soil handling will be halted in high wind conditions to limit the risk of dust generation. It is 
generally considered that day-to-day activities should not generate dust as the materials to 
be handled on-Site will be generally cohesive with a natural moisture content. 

Surfacing of access and haul roads shall be maintained in a good state of repair and kept 
clean and free of mud and other dirt and debris at all times. If dust is generated on haul 
routes within the Site or access to the Site procedures will be implemented to control dust 
emissions including regular dampening of affected routes and re-grading as appropriate. 

HGV vehicles (>7.5 tonnes, with the exception of ‘grab lorries’) entering the Site will be 
sheeted to prevent accidental spillage of material on the public highway and subsequent 
uncontrolled dust generation. 

Once inert landfill materials have been placed to a suitable depth, stockpiled topsoil will be 
replaced and all necessary measures will be taken to ensure the rapid re-vegetation of 
ground surfaces in order to stabilise the soil surface and mitigate against possible erosion 
and dust generation.  



Wennington Quarry Inert Landfill: Environmental Permit Application, Environmental Risk 
Assessment Page 8 

 

Report Reference: 66250R3 
Report Status: Final Report 

It is noted that the potential for dust emissions was a factor considered in detail in the 
planning appeal (refer to Appendix A to the accompanying ESSD). As detailed in Section 
3.1, Condition 34 to the approved planning requires a full air quality assessment for the 
development.  

An air quality assessment has been prepared for the Site, to address this planning 
Condition, by Redmore Environmental (2017) which is included in Appendix B. It is 
considered that this will provide appropriate provision to deal with dust, and present detail of 
appropriate mitigation including details of dealing with any associated complaints. 

As part of this risk assessment, risks associated with fugitive dust emissions are detailed in 
Table 4.3. 

3.1.4 Mud 
All vehicles will have travelled to the Site via the public highway, accessing the Site via the 
A1306 ‘New Road’ through a dedicated new entrance to be followed by weighbridge and 
wheel wash facilities (refer to Plans appended to the accompanying ESSD). Although 
vehicles may track over potentially muddy surfaces when on-Site, a wheel wash facility will 
be maintained to clean any mud from vehicles before leaving the Site. 

Surfacing of existing Site access and haul roads shall be maintained in a good state of repair 
and kept clean and free of mud and other dirt and debris at all times to reduce the risk of 
mud being tracked on-to the public highway. 

Prior to exiting the Site vehicles will, if necessary, be stopped and inspected and cleaned of 
any material adhering to the wheels or chassis using the on-Site wheel-wash. 

Should it become apparent that mud has been tracked off-Site, sweeping of relevant areas, 
including the public highway will be undertaken as soon as possible. A road-going sweeper 
will be employed if required. 

It is noted that the potential for mud (debris) emissions were a factor considered in detail in 
the planning appeal (refer to Appendix A to the accompanying ESSD). 

Condition 30 to the approved planning (refer to Appendix A to the accompanying ESSD) 
requires that: 

“No development shall take place until vehicle cleansing facilities to prevent mud being 
deposited onto the public highway during operations have been provided on site in 
accordance with details to be first submitted to, and approved in writing by, the Local 
Planning Authority for minerals and waste. The approved facilities shall be retained 
thereafter and used at the entrance to the site throughout the duration of construction 
works. If mud or other debris originating from the site is deposited in the public 
highway, all on-site operations shall cease until it has been removed. The submission 
shall include: 

a) A plan showing where vehicles will be parked within the site to be inspected for 
mud and debris and cleaned if required. The plan shall also show where construction 
traffic will access and exit the site from the public highway. 

b) A description of how the parking area will be surfaced, drained and cleaned to 
prevent mud, debris and muddy water being tracked onto the public highway. 

c) A description of how vehicles will be checked before leaving the site - this applies 
to the vehicle wheels, the underside of vehicles, mud flaps and wheel arches. 

d) A description of how vehicles will be cleaned. 

e) A description of how dirty/muddy water will be dealt with after being washed off 
the vehicles; and 

f) A description of a contingency plan to be used in the event of a break-down of the 
wheel washing arrangements or evidence that approved practices are failing.” 
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The risk from tracked mud is only likely to have an impact on highways (and associated 
users) in the immediate vicinity of the Site. Considering the allowance for adequate 
preventative and mitigation measures required by planning Condition 30 it is not considered 
necessary to produce a more detailed risk assessment. 

3.1.5 Litter 
Materials received for recovery at the Site will not present a litter risk. As such it is not 
considered necessary to produce a more detailed risk assessment. 

3.1.6 Pests and Vermin 
Materials received for recovery at the Site will not contain putrescible materials which may 
attract pests or vermin. As such it is not considered necessary to produce a more detailed 
risk assessment. 

3.2 Ecology 
An Extended Phase 1 Ecological Assessment has been carried out for the Site (ECOSA, 
2013), a copy of which is provided in Appendix D. The ecological assessment was 
undertaken to ascertain the potential for protected habitats and species to be present within 
the Site boundaries and has been approved through the planning process for the Site. 

It should be noted that the Environment Agency raised an objection as consultee to the 
planning application relating to the risks to wetland habitats to the south west of the Site 
associated the Inner Thames Marshes SSSI. In order to address this objection ESI 
undertook a Hydrogeological Risk Assessment which specifically sought to address water 
impacts to the SSSI as presented in ESI Report 61594R3 (as listed in Table 3.1), a copy of 
which is provided in Appendix G. It is understood that this report satisfied the concerns 
raised by the Environment Agency and allowed it to withdraw its objection. 

The risk from proposed Site activities to ecological receptors is therefore considered to have 
been fully addressed full the planning process and as such it is not considered necessary to 
produce a more detailed risk assessment. 

3.3 Water environment 
The potential impacts of the proposed development on the local water environment, plus the 
requirements of an associated water management scheme, have been considered in detail, 
for the purpose of the approved planning, through a series of assessments undertaken by 
ESI. It should be noted that the focus of these reports may be directed towards the mineral 
extraction aspect of the development, however they are considered relevant to the 
progressive restoration of the Site which was also considered in the planning application. 

These reports are summarised in  Table 3.1 and provided as appendices to this report as 
indicated.  

Table 3.1 Water management reports 

ESI Report Reference Context Appendix 

61594R1Rev01, January 2017. 
Wennington Proposed Quarry: 
Hydrogeological Impact Assessment 

A Hydrogeological Impact Assessment 
(HIA) for the proposed scheme which 
includes estimates of water inflows into 
the excavation. 

E 

61594R2Rev01, January 2017. 
Wennington Proposed Quarry: Flood Risk 
Assessment 

A Flood Risk Assessment (FRA) 
undertaken in accordance with the 
National Planning Policy Framework 
(NPPF).  

F 

61594R3, February 2014. Wennington 
Proposed Quarry: Hydrogeological Risk 

A qualitative Hydrogeological Risk 
Assessment (HRA) prepared to address 

G 
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ESI Report Reference Context Appendix 

Assessment EA concerns relating to risk to the Inner 
Thames Marshes SSSI. 

61594TN3Rev02, October 2017. 
Wennington Quarry Water Management 
Plan 

Prepared to address Conditions 15 and 
16 of the approved planning. H 

61594TN4, August 2017. Wennington 
Quarry, Outlet Design to meet Planning 
Condition 17. 

Prepared to address Condition 17 of the 
approved planning. I 

It should be noted that Condition 15 to the approved planning (refer to Appendix A to the 
accompanying ESSD) requires that:  

‘No development shall take place until a scheme to carry out baseline water quantity 
and quality monitoring for two years, prior to extraction of mineral, has been submitted 
to, and approved in writing by, the Local Planning Authority for minerals and waste. 
The approved monitoring scheme shall be implemented and an annual monitoring 
report shall be submitted to the Local Planning Authority for minerals and waste for the 
life of the development hereby permitted for approval.’ 

Condition 16 to the approved planning (refer to Appendix A to the accompanying ESSD) 
requires that:  

‘No development shall take place until an updated hydrological monitoring and 
mitigation plan has been submitted to, and approved in writing by, the Local Planning 
Authority for minerals and waste. This plan shall seek to mitigate for any adverse 
hydrological and water quality impacts, if they arise, during the development, and 
mitigation shall include measures to suspend operations authorised by this permission, 
until such impacts are resolved. The monitoring plan shall include a chemical suite 
assessment which shall include the waste acceptance criteria proposed to define inert 
waste and the plan shall seek to include more down grade boreholes, to ensure that 
monitoring can be maintained during the entire development. The approved plan shall 
be implemented and an annual monitoring report shall be submitted to the Local 
Planning Authority for minerals and waste for the life of the development hereby 
permitted and the aftercare period.’ 

The requirements of Conditions 15 and 16 are addressed by ESI Technical Note 
61594TN3Rev02 as detailed in Table 3.1. 

Condition 17 to the approved planning (refer to Appendix A to the accompanying ESSD) 
requires that:  

‘The development hereby permitted shall be undertaken in accordance with the 
drainage strategy outlined within the submitted Hydrogeological Risk Assessment, 
dated February 2014. Prior to implementation of the drainage strategy: 

a) Details of the proposed flow control device to be fitted to ensure discharge at 
the pre-development rate of 297 l/s for a 1 in 100 year storm event shall be 
submitted to, and approved in writing by, the Local Planning Authority for 
minerals and waste. The approved details thereafter shall be implemented on-
site and maintained for the life of the development hereby permitted.’ 

The requirements of Conditions 17 are addressed by ESI Technical Note 61594TN4 as 
detailed in Table 3.1. 

Water discharge requirements are discussed in the accompanying ESSD with respect to 
both the operational (mineral extraction and phased inert landfill restoration) stage and post 
restoration. A discharge activity will be required as part of the Environmental Permit. 
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Reference should therefore be made to the ESSD and reports presented in Table 3.1 (as 
appended to this report) for further information.  

In addition, as part of this Permit application, a Hydrogeological Risk Assessment (HRA) has 
been undertaken for the inert landfilling of the Site as presented in ESI Report 66250R4 a 
copy of which is provided with this application which should be referred to for further detail. A 
summary of the quantitative HRA is provided in Table 3.2. 

Table 3.2 Hydrogeological Risk Assessment (HRA) summary (ESI Report 
66250R4) 

Conceptual 
Model 
Components 

Source Term: Inert landfilled wastes, controlled by robust waste acceptance 
procedures. Total volume of 1,400,000 m3 (2,400,000 tonnes). The source term 
will decline at a rate governed by infiltrating fluxes. No discernible concentrations 
of hazardous substances are likely to be present within the waste materials 
deposited at the Site. Robust waste acceptance procedures are provided with 
this application which include provision for waste acceptance testing. It is 
considered that these procedures will mitigate the risk of any ‘rogue load’ being 
deposited at the Site. 

Geological Barriers: A highly conservative approach has been taken whereby 
the model is not dependent upon engineered geological barriers. For any 
hazardous substances accidentally accepted then the geological strata will act to 
attenuate them such that there is no discharge to controlled water. An artificially 
enhanced geological barrier will be constructed on the sides of the landfill. The 
risk assessment presented does not consider such a geological barrier and no 
reliance is made upon it in this assessment. 

Water Balance: Determined based on rainfall infiltration and groundwater fluxes 
and the conceptual model presented in the ESSD and HRA. 

Pathways: Basal London Clay assumed to be a barrier to groundwater flow. 
Infiltrating water will therefore pass laterally from the inert waste mass into 
surrounding groundwater (Secondary A) within superficial deposits (Taplow 
Gravel). A secondary component is also considered from the Site to the on-Site 
surface water attenuation pond. Dilution within groundwater pathways 
considered in the model. 

Receptors: For hazardous substances the receptor is considered to be 
groundwater and surface water at the Site boundary. For non-hazardous 
substances the receptor is considered to be groundwater at the Site boundary 
and surface water in the on-Site pond, with dilution from runoff in the restoration 
soils applied within the pond. 

Modelling 
Approach 

In accordance with guidance from the Environment Agency for an inert landfill 
site under these conditions, a simple quantitative risk assessment has been 
undertaken. 

As the landfill is for inert waste, a single lifecycle phase is considered. The 
model conservatively assumes that the Site is instantaneously filled and 
therefore the operational phase is not simulated. The model considers the post-
completion phase and considers the leachate to have reached full strength. 

As the landfill is inert, there will be no active leachate management and no 
managed phase will be considered in this risk assessment model. 

As there is no cap or artificial sealing liner considered, there is no consideration 
of deterioration of these components by the risk model. 

As the landfill is inert, no active leachate management and no managed phase 
will be considered in the risk assessment model. 

Determinands that will be used to model contaminant transport are ammonium, 
chloride and nickel. These priority contaminants are representative of different 
groups of contaminants, which exhibit similar behaviour and are indicative 
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substances found in modern inert landfill leachates 

ESI’s Risk Assessment Model (RAM) software package used for modelling. A 
modelling package which has been benchmaked for the EA.  

Compliance 
with the 
Environmental 
Permitting 
Regulations 
2010 

The model does not predict any discernible impact to groundwater. The risk to 
the underlying Chalk has been qualitatively screened out from the assessment 
on the basis of the site geometry and geological barriers. 

The model results show very little impact from the Site. As some of the 
contaminant migration will have occurred before the Site is filled, the model 
predictions at one year are presented as realistic maximum concentrations. 

As required by the Landfill Directive, requisite monitoring for groundwater and 
surface water is proposed. Control levels and compliance limits for down-
hydraulic gradient groundwater monitoring wells have been derived based on the 
background concentrations. Site monitoring data will be compared to these 
levels and limits to provide an early warning if the groundwater starts to 
deteriorate, allowing sufficient time to take remedial action prior to compliance 
limits being exceeded. 

It is recognised that a risk may arise is ‘rogue loads(s)’ of waste were deposited at the Site. 
However, it should be noted that IVL apply very strict waste acceptance procedures and 
quality considerations for all waste materials accepted for the restoration of site by either 
inert landfill or recovery.  

A copy of the Operator’s waste acceptance procedure is appended to the Operator’s Site 
Operating Plan, which accompanies this application. In summary: 

• Acceptable wastes will be limited to those which may be accepted at an inert landfill 
without testing provided they are from a single source and there is no reason to suspect 
they are contaminated; 

• Wastes that are identified as arising from multiple sources, such as residues from an 
inert waste transfer station, are not accepted neither would soils from the site of a former 
petrol station, since it may be contaminated with hydrocarbons; 

• Detailed waste verification and control procedures are defined in the proposed waste 
acceptance procedures for the Site which include robust measures to characterise 
wastes before they are brought to the Site; 

• Checks will be made at the point material is delivered to the Site both upon arrival and at 
the point of deposit; 

• Detailed waste rejection procedures are defined to ensure that any unacceptable wastes 
are rejected and removed from Site; 

• In order to further reduce the risk of rogue load(s) or unacceptable wastes, IVL will 
undertake random sampling of incoming wastes for appropriate UKAS accredited 
laboratory testing..  Samples will also be taken at the start of any new contract which will 
bring wastes to the Site. The sampled load will remain in an on-Site quarantine area until 
laboratory test results are received. 

It is considered that the proposed waste acceptance procedures summarised above and 
detailed in the accompanying waste acceptance procedure document are robust and beyond 
the basic requirements for inert landfill.  As such it is considered that the risk of rogue load or 
non-inert material being deposited at the Site is appropriately mitigated. 

Additionally, potential impacts could occur on groundwater and surface water quality from 
any spills associated with plant operating on the Site.  However, these will be addressed by 
following best practice for fuel handling and storage. 

The Operator will employ industry best practice measures to provide secure and adequate 
containment for fuels and oils stored at the Site.  These measures are detailed in the Site 
Operating Plan. 
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The risk associated with emissions to controlled waters are detailed in Table 4.5. 

3.4 Landfill gas 
A Landfill Gas Risk Assessment (lfGRA) has not been prepared for the Site, as the Landfill 
Technical Guidance Note LFTGN03 (Environment Agency, 2004) indicates that new inert 
landfills do not pose a landfill gas hazard.  Notwithstanding this, a landfill gas risk screening 
assessment is presented in Table 4.4. 

Landfill gas management is not anticipated to be required at the Site. In-waste gas 
monitoring infrastructure will be installed following the completion of the Site in order to 
monitor the levels of gas produced by the waste mass in accordance with the Environment 
Agency’s Technical Guidance Note LFTGN03 and the Landfill Directive. 

In-waste gas wells will be installed once all landfill phases and restoration activities have 
been completed. Perimeter wells already exist which will be used to characterise baseline 
conditions prior to landfilling commencing. 
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4 RISK ASSESSMENT 

4.1 Sources 
Consistent with potential hazards identified in Section 3 the following potential 
hazards/sources will be considered further: 

• Noise and Vibration (Table 4.2); 
• Dust (Table 4.3); 
• Landfill Gas (Table 4.4) 
• Fugitive Emissions and Controlled Waters, including rogue loads and fuel spills (Table 

4.5); 
• Accidents (Table 4.6). 

4.2 Hazard Receptors 
Consistent with potential receptors identified in Section 2, a number of sensitive receptors 
are defined in Table 4.1 and identified on Drawing 666250D6.  The distance of these 
receptors to the Site boundary and their direction relative to the Site are detailed in Table 4.1 
below. 

Table 4.1 Potentially sensitive receptors in the vicinity of the Site 

No. Receptor Receptor Type 

Approx. 
distance 

from 
landfill 

boundary 

Direction 

1 
Public Highways: A1306 ‘New Road’; 
B1335 ‘Wennington Road’; Church 

Lane and East Hall Lane 

Public highway 
(road) <10 m All 

2 Wennington Hall Farm and Cottages Residential <50 m SE 

3 Wennington village Residential 25 m S 

4 Agricultural land Agricultural <20 m W & N 

5 East Hall Farm (including food 
company) 

Residential 
/Commercial 200 m W 

6 St Mary’s & St Peter’s Church, 
Wennington (Grade II*) Listed Building 100 m SW 

7 Lennard Arms Inn (Grade II) Listed Building 250 m SE 

8 The Willows (residential) (Grade II) Listed Building 200 m SE 

6 St Mary’s and St Peter’s Churchyard Wildlife Site 100 m SW 

9 Wennington, Aveley and Rainham 
Marshes (NNR) Wildlife Site 75 m S 

10 Brett Havering Aggregates West Wildlife Site 200 m NW 

11 Common Watercourse and Williams 
Fishing Lake Wildlife Site 200 m  N 
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12 Inner Thames Marshes SSSI SSSI 400 m SW 

13 Public Footpath Public right of way 
(footpath) 300 m SE 

14 ‘Premier Inn’ hotel Residential 
/Commercial 150 m SE 

15 Ingrebourne Links golf course Public amenity 100 m  E 

16 

Groundwater (Secondary A Aquifer of 
the superficial Taplow Gravel); and 

Surface Water (ditch/drain from south 
east corner of Site to Inner Thames 
Marshes and drainage pathways to 

Common Watercourse. 

Controlled waters - - 

4.3 Hazard Pathways 
When choosing the receptors, the closest and the most sensitive (if different from the 
closest) have been considered in each direction from the hazard. Account has been taken in 
the risk assessment of the mechanism of transport to the identified receptor (e.g. in the case 
of risks from fugitive dust we have considered the proximity to the highway access and the 
prevailing south-westerly wind direction). 

4.4 Probability of Exposure 
Probability of exposure is determined by the distance of the receptor to the Site and the 
likelihood of the hazard affecting the receptor (e.g. in the case of dust risks this would 
include consideration of the frequency of the prevailing wind in that direction). 

4.5 Risk Assessments 
The specific risk assessments completed for Noise and Vibration, Dust, and Fugitive 
Emissions to Controlled Waters are detailed in the tables below. 

The pathway is determined by the location of the receptor relative to the Site and the 
distance from the Site boundary. 

The risk assessment tables represent the risk of exposure to a hazard before mitigating 
controls are put in place. The severity of the unmitigated consequence presumes the 
receptor has been exposed to the hazard. However, if the receptor is unlikely to be exposed, 
then the overall unmitigated risk is low. The mitigated risk is the residual risk presented by 
the hazard after the proposed control measures have been introduced. 

4.6 Environmental Accidents 
The H1 Guidance (Environment Agency, 2011a & 2011b) requires the completion of an 
Accidents Risk Assessment and Management Plan to the template provided in Table 5 of 
the guidance. This should assess potential hazards associated with the proposed activity not 
described in the sections above. 

Environmental accident risks are assessed, with reference to Table 5 of the H1 Guidance, in 
Table 4.6. The Site will be operated under IVL’s Environmental Management System (EMS), 
which is accredited to the standard of ISO 14001, and enforced by appropriately qualified 
staff. Further details of Operator Competence are provided in accompanying application 
documents. 
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Table 4.2 Noise and vibration risk assessment and management plan 

Hazard/Pathway Receptor 
No. 

Probability of 
Exposure Consequence/Severity Initial Risk (pre-

management) Risk Management Residual 
Risk 

Noise & Vibration 
(through the 
air/ground) 

From Site operations 
and vehicle movements 

1 
Medium – Adjacent to 

Site (transient 
receptor) 

Low - Highway and transient receptor (public 
highway users) Low/Medium 

Noise is controlled under planning 
consent (Condition 33) informed by 
detailed noise assessment (LF 
Acoustics, 2013 (Appendix C)). 

Vibration is controlled under 
planning consent (Condition 35). 

It is considered that the 
requirements of planning will 
provide adequate measures for 
controlling and monitoring of noise 
and vibration. 

It should also be noted that: 

• Temporary topsoil bund 
will also provide partial 
noise screening; 

• All vehicles and plant to 
be well maintained with 
silencers; and 

• All events or complaints 
received associated with 
noise/vibration will be 
documented under the 
Site EMS and the 
requirements of the 
approved planning. 

Low 

2 Medium – Adjacent to 
Site Medium - Potential annoyance to residents) Medium Low 

3 Medium – Adjacent to 
Site Medium - Potential annoyance to residents Medium Low 

4 Medium – Adjacent to 
Site  Low - receptor not sensitive to noise Low/Medium Low 

5 Low – Unlikely at 
distance from Site.  

Medium – Potential noise annoyance to human 
occupants Low/Medium Low 

6 

Medium/Low – Vicinity 
to Site (albeit no 

working will occur in 
south-east corner of 

Site) 

Medium/Low – Receptor unlikely sensitive to 
noise, however vibration may present a risk Low/Medium Low 

7 Low – Unlikely at 
distance from Site Medium - Potential annoyance to residents Low/Medium Low 

8 Low – Unlikely at 
distance from Site Medium - Potential annoyance to residents Low/Medium Low 

9 Low – Unlikely at 
distance from Site Low - receptor not sensitive to noise Low Low 

10 Low – Unlikely at 
distance from Site Low - receptor not sensitive to noise Low Low 

11 Low – Unlikely at 
distance from Site Low - receptor not sensitive to noise Low Low 

12 Low – Unlikely at Low - receptor not sensitive to noise Low Low 
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distance from Site 

13 
Low – Unlikely at 
distance from Site 
(transient receptor) 

Medium - Potential annoyance to amenity 
users Low Low 

14 Low – Unlikely at 
distance from Site Medium - Potential annoyance to residents Low Low 

15 
Low – Unlikely at 
distance from Site 
(transient receptor) 

Medium - Potential annoyance to amenity 
users Low Low 

16 Not applicable  Not applicable Low 

  



Wennington Quarry Inert Landfill: Environmental Permit Application, Environmental Risk 
Assessment Page 18 

 

Report Reference: 66250R3 
Report Status: Final Report 

Table 4.3 Dust risk assessment and management plan 

Hazard/Pathway Receptor 
No. 

Probability of 
Exposure Consequence/Severity Initial Risk (pre-

management) Risk Management Residual 
Risk 

Dust 

Created during 
mineral and inert 

landfill operations, 
material handling, 
wind-blow, general 
site operations and 
vehicle movements 

1 

Medium – 
Adjacent to Site 

transient 
receptor) 

Medium/Low – although receptor may not 
be significantly affected, dust deposition 

may cause detriment to highway 
infrastructure 

Medium 
Dust is controlled under planning consent 
(Condition 34). An air quality assessment has been 
prepared for the Site, to address this planning 
Condition, by Redmore Environmental (2017) 
which is included in Appendix B. 

It is considered that the requirements of planning 
will provide adequate measures for controlling and 
monitoring of dust. 

It should also be noted that:  

• All HGV vehicles to be sheeted when 
arriving on-Site. 

• Site preparation (soil stripping) to be 
undertaken in small quantities at a time 
allowing stockpiling and compaction to 
minimise drying and the risk of dust 
generation. 

• Restoration materials will consist of inert 
soils and soil forming materials, unlikely 
to generate dust. Dusty materials will not 
be accepted. 

• Site to be well maintained, with use of 
road-going sweeper if required either on 
the on-Site access routes or local roads. 
Spraying will be used to control dust 
generation from Site surfaces. 

• Wheel wash to be used on vehicles to 
avoid trafficking of potentially dust 
generating mud. 

• Operations to be suspended in 
particularly windy periods. 

Low 

2 Medium – 
Adjacent to Site 

Medium - (detrimental to visual amenity and 
dust exposure (annoyance)) Medium Low 

3 Medium – 
Adjacent to Site 

Medium - (detrimental to visual amenity and 
dust exposure (annoyance)) Medium Low 

4 Medium – 
Adjacent to Site  

Medium/Low - (Low sensitivity receptor, 
however dust accumulation on crops may 

be possible) 
Medium Low 

5 

Low – Distance 
from Site, 

prevailing wind 
direction 

generally places 
this receptor up-

wind 

Medium - (detrimental to visual amenity and 
dust exposure (annoyance)) Low/Medium Low 

6 

Medium – Close 
to Site, albeit 

with no working 
in SE corner of 

Site 

Medium/Low - (detrimental to visual amenity 
and dust exposure (annoyance)) Medium/Low Low 

7 Low – Distance 
from Site 

Medium - (detrimental to visual amenity and 
dust exposure (annoyance)) Low/Medium Low 

8 Low – Distance 
from Site 

Medium - (detrimental to visual amenity and 
dust exposure (annoyance)) Low/Medium Low 
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9 

Low – Distance 
from Site, 

prevailing wind 
direction places 
this receptor up-

wind 

Medium - (dust accumulation and impact on 
water ecological habitats) Low/Medium 

 

• Should any dust be observed crossing 
the Site boundaries, then all infilling and 
processing operations shall cease until 
such time as the dust drift has been 
brought under control. 

• All works will be conducted in 
accordance with prevailing Environment 
Agency guidance as well as relevant 
industry guidance, including but not 
limited to MAFF (2000) and DEFRA 
(2009). 

• All events or complaints received 
associated with dust will be documented 
under the Site EMS. 

Low 

10 Low – Distance 
from Site  

Medium - (dust accumulation and impact on 
water ecological habitats) Low/Medium Low 

11 Low – Distance 
from Site 

Medium - (dust accumulation and impact on 
water ecological habitats) Low/Medium Low 

12 

Low – Distance 
from Site, 

prevailing wind 
direction places 
this receptor up-

wind 

Medium - (dust accumulation and impact on 
water ecological habitats) Low/Medium Low 

13 

Low – Distance 
from Site 
(transient 
receptor) 

Medium - (detrimental to visual amenity and 
dust exposure (annoyance)) Low/Medium Low 

14 Low – Distance 
from Site  

Medium - (detrimental to visual amenity and 
dust exposure (annoyance)) Low/Medium Low 

15 

Low – Distance 
from Site 
(transient 
receptor) 

Medium - (detrimental to visual amenity and 
dust exposure (annoyance)) Low/Medium Low 

16 Not applicable  Not applicable Low 
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Table 4.4 Landfill gas risk screening 

Hazard/Pathway Receptor 
No. 

Probability of 
Exposure Consequence/Severity Initial Risk Risk Management Residual Risk 

Landfill Gas 

Bulk gases 
generated by 

landfilled restoration 
materials 

1 

Low – Adjacent to 
Site, however 

inert waste 
source term 

Low – low sensitivity receptor Low 
All restoration materials to be accepted at the 
Site will be limited to inert wastes only and 
subject to strict Waste Acceptance Procedures 
(which accompany this application). 

It is ESI’s experience that inert landfills may 
present elevated in-waste concentrations of 
landfill gasses (e.g. Carbon Dioxide and 
Methane) if small fractions of organic material 
(e.g. wood) are deposited, however the strict 
Waste Acceptance Procedures will seek to 
minimise this risk. In the unlikely event that in-
waste landfill gas is generated ESI has typically 
found that gas pressures and flow is so 
insignificant that there is no risk of lateral gas 
migration to neighbouring receptors. 

Furthermore, with a shallow groundwater system 
there is limited thickness of unsaturated 
pathway. Gravel deposits such as those at the 
Site will encourage venting to atmosphere in the 
unlikely event that any gas flux were to occur 
from the Site (albeit lateral flows are highly 
unlikely). 

Although human occupation (e.g. residential 
properties are close to the Site, there are none 
directly on the Site boundary). 

Notwithstanding this, provision for perimeter and 
in-waste landfill gas monitoring is detailed in the 
accompanying Monitoring Plan (ESI Report 
66250R5). 

Low 

2 

Low – Adjacent to 
Site, however 

inert waste 
source term 

Medium/High – gas ingress 
into residential dwellings Low/Medium 

3 

Low – Adjacent to 
Site, however 

inert waste 
source term 

Medium/High – gas ingress 
into residential dwellings Low/Medium 

4 

Low – Adjacent to 
Site, however 

inert waste 
source term 

Low – low sensitivity receptor 
(crop die-back is only 

consequence) 
Low 

5 

Very Low – Inert 
Waste Source 

Term and 
Distance from 

Site 

Medium/High – gas ingress 
into properties Low 

6 Medium/High – gas ingress 
into building Low 

7 Medium/High – gas ingress 
into building Low 

8 Medium/High – gas ingress 
into building Low 

9 Low – low sensitivity receptor Very Low 

10 Low – low sensitivity receptor Very Low 
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11 Low – low sensitivity receptor Very Low 

12 Low – low sensitivity receptor Very Low 

13 Low – low sensitivity receptor Very Low 

14 Medium/High – gas ingress 
into building Low 

15 
Low – low sensitivity receptor 
(vegetation die-back is only 

consequence) 
Very Low 

16 Not applicable Not applicable Not applicable 
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Table 4.5 Fugitive emissions and controlled waters risk assessment and management plan 

Hazard/Pathway Receptor Distance Direction Probability of Exposure Initial Risk Risk Management Residual 
Risk 

Contaminated 
water resulting from 
receipt of restoration 
materials to the Site 
(including potential 
for ‘rogue loads’) 

Spillages of liquids 
stored on Site 

Leakages from 
vehicles or on-Site 

plant 

Receptors 
within close 

vicinity 
(primarily 

Receptors 1, 
2, 3 & 4) 

<50 m Various Low – lack of pathway 

Low – 
human 
health, 

ecological 
detriment, 
harm to 
amenity 

All restoration materials will consist of inert materials as 
defined in the Waste Acceptance procedures document 
which accompanies this application. Strict waste 
acceptance procedures mitigate risk of ‘rogue loads’ 
being deposited. 

Risks to controlled waters have been considered in 
significant detail as part of the planning process (see 
reports listed in Table 3.1). Further protection of 
controlled waters is provided by the requirements of 
planning Conditions 15, 16 and 17. Risk to Common 
Watercourse is considered limited based on lack of 
pathway. Risk to primary drainage routes mitigated via 
designed surface water management system. 

A quantitative Hydrogeological Risk Assessment has 
been prepared in support of this permit application (ESI 
Report 66250R4) which concludes no predicted risk to 
groundwater or surface water receptors. 

Controlled water monitoring will be undertaken during 
the operation and post operation period as detailed in 
the accompanying Monitoring Plan (ESI Report 
66250R5). 

As such, the risk associated with the imported materials 
to controlled waters is considered to be low. 

All works will be undertaken to appropriate standards 
subject to planning condition and Environmental Permit 
requirements by an experienced operator with 
competent staff working to an accredited EMS. 

Fuels stored on Site will be subject to appropriate 
storage with adequate secondary containment and 
security measures to prevent unauthorised 
access/tampering. 

All plant and vehicles to be properly maintained. 

Spill kits to be kept on Site and operatives/staff to be 
aware of emergency actions under the Site EMS in the 
event of any spillage. 

All incidents to be reported to the Environment Agency. 

Low 

Surface Water 
– Ditch to 

south east of 
the Site 

(leading to 
Inner Thames 
Marshes); and 

Ditches 
leading to 
Common 

Watercourse 
and Inner 
Thames 
Marshes 

- All 

Medium/Low - surface water run-off to 
be controlled by attenuation/drainage 

scheme before discharging to 
attenuation/soakaway pond or 

discharging to local ditches during peak 
flow. 

Medium – 
aquatic 
pollution 

Low 

Shallow 
Groundwater - All 

Medium/Low - 

limited pathway. Site not located within 
SPZ. Background water quality likely to 

be impaired due to extensive local 
historical landfill activity (hence limiting 

any specific impacts from the Site). 

Medium – 
groundwater 

pollution 
Low 
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Table 4.6 Accident risk assessment and management plan 

Hazard Receptor  Pathway Probability Consequence Overall Risk Risk Management Residual Risk 

Fuel/engine oil leak Controlled 
waters 

Site run-of 

Infiltration, 
subsurface 
pathways, 

surface water 
drainage 

Low High – pollution of 
controlled waters Medium 

Fuels stored on Site will be subject to appropriate 
storage with adequate secondary containment and 
security measures to prevent unauthorised 
access/tampering. 

All vehicles and plant to be well maintained. 

Spill kits to be kept on Site and operatives/staff to be 
aware of emergency actions under the Site EMS in 
the event of any spillage. 

All incidents to be reported to the Environment 
Agency. 

Low 

Fire Uncontrolled 
burning of materials 

on-Site 

Site 
personnel Airborne Low High - Injury Medium-Low Restoration materials do not pose any risk of self-

combustion, nor will any potentially combustible 
materials be accepted on-Site. 

Site vehicles and plant to be regularly maintained. 

No-smoking on-Site. 

Fire control equipment to be maintained on Site. Site 
staff will be suitably trained on how to respond 
should any fire occur. 

All major incidents to be dealt with by the Fire 
Brigade and reported to the Environment Agency. 

Controlled 
waters 

Site run-off & 
infiltration/ 
subsurface 
pathways, 

surface water 
drainage 

Low 

High – pollution of 
controlled waters 

(spilled fuels or fire 
suppressant) 

Medium-Low  

Sensitive 
receptors 

(Table 4.1) 
Airborne Low 

Medium – 
smoke/odour irritation 

and annoyance 
Low-Medium 

Explosion 
Compressed gas 

cylinder (if present on 
Site) 

Combustion of fuel 

Site 
personnel 

Direct injury 

Airborne 
exposure 

Low High - Injury Medium 
Restoration materials do not pose any risk of self-
combustion, nor will any potentially combustible 
materials be accepted on-Site. 

Site vehicles and plant to be regularly maintained. 

No-smoking on-Site. 

Compressed gasses are unlikely to be stored on-Site 
and if required will be stored securely and only used 
by competent staff. 

Visual inspection of restoration materials will ensure 
no hazardous materials (including gas cylinders) are 
within arriving or deposited loads.  

Controlled 
waters 

Site run-off & 
infiltration/ 
subsurface 
pathways 

Low 

High – pollution of 
controlled waters 

(spilled fuels or fire 
suppressant) 

Medium 

Sensitive 
receptors 

(Table 4.1) 
Airborne Low 

Medium – 
smoke/odour 

annoyance. Possible 
noise 

Low-Medium 
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Hazard Receptor  Pathway Probability Consequence Overall Risk Risk Management Residual Risk 

 

Fire control equipment to be maintained on Site. Site 
staff will be suitably trained on how to respond 
should any fire occur. 

All major incidents to be dealt with by the Fire 
Brigade and reported to the Environment Agency. 

Vandalism Damage 
or arson to site 

vehicles/plant (which 
may result in fuel 

leaks or wider fugitive 
emissions) 

Controlled 
waters 

Site run-off & 
infiltration/ 
subsurface 
pathways 

Low 

High – pollution of 
controlled waters 

(spilled fuels or fire 
suppressant) 

Medium-Low 
Site will be manned during working hours. 

Outside of working hours the Site will be 
appropriately secured to prevent unauthorised 
access.  

Any plant remaining on-Site will be left in a secure 
manner. 

Sensitive 
receptors 

(Table 4.1) 
Airborne Low 

Medium – 
smoke/odour 
annoyance 

Medium-Low 
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5 CONCLUSIONS 

The risk assessments detailed in this document indicate that the proposed Site activities are 
considered unlikely to cause any significant disturbance to relevant identified environmental 
receptors. 

Although various residential properties are positioned within 50 m of the Site boundary, the 
proposed operational management controls are considered adequate to constrain any 
potential impacts relating to odour, noise, vibration, dust, mud, litter, pests and vermin. 

The risks to controlled waters (including the discharge to surface water) and water 
dependent SSSI receptors have been addressed in detail through the planning process 
(Table 3.1) and associated Planning Conditions (see Appendix A to the accompanying 
ESSD).  Further quantitative Hydrogeological Risk Assessment has been undertaken as part 
of this Permit Application (ESI Report 66250R4) which concludes no predicted risk to 
groundwater or surface water receptors. 

The risk to controlled waters posed by the inert restoration materials is likely to be negligible.  
Indeed, imported restoration materials will present a far lower risk to controlled waters than 
historical landfill materials already widely present in the local area. 

Accidents such as fire / explosion or leakages pose a potential risk to the local environment 
and associated sensitive receptors.  However, safe working practices, appropriate control 
measures and limited on-Site plant make the occurrence of such incidents unlikely. 

Details of proposed environmental monitoring arrangements are presented in the 
accompanying Monitoring Plan (ESI Report 66250R5).  This plan will ensure that any 
significant environmental impacts are detected at an early stage, enabling appropriate 
mitigation measure to be put in place. 

The operator’s existing ISO 14001-accredited environmental management system and 
accident management plans will be applicable for the restoration activity. 

It is therefore concluded that with the use of appropriate mitigating controls, and adherence 
to Planning Conditions imposed by the full planning permission, the proposed restoration of 
the Site will not present a significant risk to controlled waters or identified sensitive receptors. 
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APPENDIX A 
 

Nature and Heritage Conservation Screen 
(EPR/FB3408CK/A001) 

 

 

 

 
 
 
 
 
 
 



 

 

Nature and Heritage Conservation   
Screening Report: Inert landfill and non-landfill SWMAs 
 

Reference EPR/FB3408CK/A001 

NGR TQ 54159 81195 

Buffer (m) 405 

Date report produced 14/07/17 

Number of maps enclosed 3 

 

The nature and heritage conservation sites and/or protected species and 
habitats identified in the table below must be considered in your 
application. 

Guidance on completing a nature and heritage conservation assessment is given in the enclosed 
document 'Requirements for an assessment of your application'.  

Nature and heritage 
conservation sites 

Screening 
distance 
(m) 

Further Information 

Sites of Special Scientific Interest 
(SSSI)  

Inner Thames Marshes 

1000 Natural England 

Local Wildlife Sites  

Wennington, Aveley and Rainham 
Marshes 
 
St Mary's & St Peter's Churchyard, 
Wennington 
 
Brett Havering Aggregates West 
 
Common Watercourse and Williams 
Fishing Lake 

200 Appropriate Local Record Centre (LRC)  

Appropriate Wildlife Trust  

http://www.naturalengland.org.uk/
http://www.nbn-nfbr.org.uk/nfbr.php
http://www.wildlifetrusts.org/


 

 

Protected Species Screening 
distance 
(m) 

Further Information 

European eel 
 
Water Vole 

 

up to 500m Natural England 

 Appropriate Local Record Centre (LRC) 

National Biological Network (NBN)  

Environment Agency. Dial 03708 506 506 for 
your local Fisheries and Biodiversity team  

   

Where protected species are present, a licence may be required from Natural England to handle the 
species or undertake the proposed works.  

The relevant Local Records Centre must be contacted for information on the features within local 
wildlife sites. A small administration charge may also be incurred for this service.  

Information on the lead contacts and legislation behind the conservation interests listed above are 
available in the enclosed Environment Agency factsheet on Nature Conservation, Landscape and 
Heritage screening. 

Please note we have screened this application for protected and priority sites, habitats and species for 
which we have information. It is however your responsibility to comply with all environmental and 
planning legislation, this information does not imply that no other checks or permissions will be 
required. 

Please note, the enclosed pre-application map(s) is valid for a period of 6 months. If you plan to 
submit your application more than 6 months after the map(s) was generated, you must request that the 
screen is re-run. This will ensure that you have used the most current information on heritage and 
nature conservation interests in your application. 

You can obtain pre-application support by contacting us on 03708 506 506 (Mon-Fri, 9.30am - 
4.30pm). 

http://www.naturalengland.org.uk/
http://www.nbn-nfbr.org.uk/nfbr.php
http://www.nbn.org.uk/
https://www.gov.uk/government/organisations/natural-england
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Air Quality Assessment (Redmore Environmental, 2017) 
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Noise Assessment (LF Acoustics, 2013) 
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Ecological Assessment (ECOSA, 2013) 
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1 INTRODUCTION 

1.1 Background 
Ingrebourne Valley Ltd (IVL) are submitting a planning application for the proposed 
extraction of Sand & Gravel deposits to the south east of the town of Rainham, in Essex 
(Figure 1.1). The application area (the ‘Site’), as shown in Figure 2.1, covers approximately 
25.3 hectares and is currently in agricultural use.  It is proposed that the mineral will be 
worked dry. It is proposed to restore the land back to agricultural use, including infilling with 
inert material. The detail of the proposed development is set out in the development plans in 
Appendix A.  

1.2 Scope of work 
IVL instructed ESI Ltd. (ESI) in June 2013 to prepare a hydrogeological impact assessment 
in support of a planning application for the proposed Wennington Quarry.  ESI is an 
independent consultancy which specialises in hydrogeology and water resource impact 
assessment.   

The scope of work included: 

 Review of the baseline hydrogeology of the area around the proposed extension; 

 Identification of potential impacts on relevant receptors; 

 Development of appropriate monitoring and mitigation measures; 

 Preparation of a hydrogeological impact assessment for the proposed development. 

Additionally, a site walkover was conducted on July 18th 2013. 

This report sets out the hydrogeological impact assessment for the proposed mineral 
extraction.  Section 2 presents a review of the relevant baseline conditions and conceptual 
model for the Site.  Section 3 summarises the proposed development and Section 4 
presents an assessment of the potential impacts of the development and recommendations 
for appropriate monitoring and mitigation measures.  The results of the assessment are 
summarised in Section 4. 
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2 BASELINE CONDITIONS 

2.1 Site setting 
The location of the proposed development is c. 2 km south east of the town of Rainham in 
Greater London and is centred on National Grid Reference 554136, 181251 (postal code: 
RM13 9DU) (Figure 1.1).  The main settlements, as well as Rainham, include the villages of 
Wennington immediately to the south and Aveley to the east. 

The area is mostly rural in nature with land close to the Site predominantly used for 
agriculture although a number of minor and major roads and a railway line also lie in the 
vicinity of the Site. The proposed Wennington Quarry comprises approximately 
25.3 hectares of land which is currently used for arable cultivation as shown in the aerial 
photography (see Figure 1.2). 

The Site is bounded by roads on all sides; the A1306 to the east, East Hall Lane to the north, 
the B1335 (Wennington Road) to the south and Church Lane which connects East Hall Road 
with the B1335 to the west. Wennington Hall is located adjacent to the south east corner of 
the Site. 

The proposed extraction area slopes very gently from a high of approximately 6 mAOD in 
the north towards a low of c. 4.5 mAOD in the south east corner. 

The Common Watercourse lies in a narrow and shallow valley to the north and west of the 
application area and flows from north east to south west.  The valley floor is at an elevation 
of c. 2-3 mAOD. 

Sand & Gravel extraction has been conducted in the vicinity of the Site for a number of 
years, particularly towards the east and north east of the Site. There are a number of nearby 
old workings which have been restored to small lakes or landfilled and restored to woodland 
or agricultural land, as well as a golf course.  

2.2 Geology 
2.2.1 Regional geology 
The geological sequence in the vicinity of the Site is summarised in Table 2.1 and shown on 
Figure 2.1, as taken from the 1:50,000 scale geological map of the area (BGS, 1996). 

The geological map shows that the Taplow Gravel (River Terrace Deposits) is present 
beneath the Site above the London Clay. The Lambeth Group and the Thanet Sands 
(essentially comprising laminated clay and sand horizons) is present beneath the London 
Clay. These formations overlie the Chalk. The bedrock dips towards the north with younger 
strata located above the superficial towards the north. BGS mapping shows the Lambeth 
Group to “outcrop” c. 600 m to the south, with the Thanet Sands and Chalk c. 1.0 km and 
1.4 km to the south. 

River Terrace Deposits are the workable material at the Site and are described as gravel 
which is sandy and clayey in part (BGS, 1996). 

A thin occurrence of Alluvial deposits associated with the Common Watercourse (see 
Section 2.3) is present to the north. More extensive Alluvium associated with the River 
Thames is present c. 1 km to the south west of the Site. 
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Table 2.1  Regional bedrock geology 
Period Group Sub-

group 
Formation Description Thickness: m 

Quaternary   Head Undifferentiated pebbly 
sandy clay 

0-10 (beyond 
Site boundaries) 

Alluvium Inter-bedded silty clays, 
slightly sandy organic silts 
and peat layers 

1-10 (beyond 
Site boundaries) 

River Terrace 
Deposits 

Very dense medium to 
coarse sand and fine to 
coarse gravel. Occasional 
pockets of clay and rare 
cobbles are present 

3-12 

Palaeogene Thames  London Clay  
 

Silty clay with fine sandy 
clay at base. 
Claygate Member informal 
upper unit; interbedded 
sand and clay at top 

90-130 

Harwich  Sand, clayey fine-grained 
sand and pebble beds 

<4 

Lambeth 

 Reading  
Woolwich  
Upnor  

Mottled clay with fine-
grained sand, laminated 
clay, flint pebble beds and 
shelly clay  

10-20 (total) 

 Thanet Sand  Fine-grained sand 10-20 

Cretaceous 

Chalk 

White 
Chalk 

 

Undivided 
mainly Seaford 
Chalk  

Soft white chalk with flint 
courses 

Up to 70 

Lewes Nodular 
Chalk  

White chalk with hard 
nodular beds  

25-35 

New Pit Chalk  White to grey chalk with few 
flints 

30-40 

Holywell 
Nodular Chalk  
 

Hard, shelly white to grey 
nodular chalk 
Plenus Marls Member at 
base 

13-18 

Note: Information taken from BGS (1996 and 2004). 
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2.2.2 Local geology 
Information on the local geology in the vicinity of the Site has been derived from:  

 Site investigations undertaken within the Site (see interpretation of top and base of 
Gravel in Appendix B). 

 Publically available BGS borehole logs (from BGS website). 

 Data from Moor Hall Golf Course; the Site adjacent to Wennington to the east 
(Appendix E). 

A summary of the boreholes is presented in Table 2.2 with relevant information taken from 
these borehole logs summarised in Table 2.3 below.  The locations of these boreholes are 
shown on Figure 2.2. 

Topsoil/overburden 

Topsoil/overburden beneath the Site ranged in thickness from 0.25 to 1.2 m at BH1 to BH4. 

River Terrace Gravels  

The Sand & Gravel is typically described as an orange-brown, silty sand and gravel. 

The depth to the base of Sand & Gravel ranged between 5.5m and 7.8m below the Site. 
Given the presence of topsoil/overburden, a thickness of Sand & Gravel of c. 4.5 to 7.5 m is 
anticipated beneath the Site based on information from BH1 to BH4. More detailed 
information on the top and base of the Sand & Gravel is provided by two plans presented in 
Appendix B which are derived from a large number of boreholes drilled across the Site in 
1962. This shows that the base of the Sand & Gravel ranges from c. -2 to +2 mAOD, being 
deepest in the north west and shallowest in the north eastern and central areas. 

Figure 2.3 presents the base of Sand & Gravel elevation (m AOD) and depth (m) in the wider 
vicinity of the Site. This shows that the base of Sand & Gravel levels rise rapidly from -1 
mAOD directly to the east of the Site to c. 10 mAOD about 500 m to the east of the Site as 
the topography rises in this direction. The Sand & Gravel drops off to the south of the Site 
with the base at -15.8 m bgl (c.-15 m AOD) at BGS borehole TQ58SW728. However, it is 
noted that a considerable thickness of Alluvium (to a depth of 10.8 m bgl and elevation of -
10 m AOD is present above the Sand & Gravel at this location with the Sand & Gravel being 
5 m in thickness. The alluvium is shown on BGS mapping to extent south to the River 
Thames. Other BGS borehole logs viewable on the BGS website indicate that Sand & 
Gravel is consistently present beneath the alluvium further to the south between the Site and 
the River Thames. 

London Clay 

The London Clay was encountered in all of the selected BGS boreholes surrounding the Site 
and in all of the boreholes drilled in the Moorhall golf course site to the east. In most cases 
drilling ceased a short distance into the London Clay. However, it was proven to a thickness 
of 39.2 m (-36.54 mAOD) at TQ58SW108 a short distance to the north and to a thickness of 
44 m at TQ58SW152 to the south west. The borehole logs generally describe the London 
Clay as being a stiff greyish brown fissured silty clay. 
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Table 2.2  Summary of boreholes 

Borehole Depth 
(m) 

Ground 
elevation 
(mAOD) 

Easting Northing 

Site boreholes 
BH1 >7.7 6.3 553956 181257 
BH2 >5.57 5.57 554162 181082 
BH3 >7.8 6.1 554138 181358 
BH4 >7.25 7 554323 181387 

EHF07   553806 181375 
EHF04   553950 181439 
EHF05   554123 181502 

BGS boreholes 
TQ58SW394 8.23 ~6  553831 181205 
TQ58SW108 30 7.46 554260 181560 
TQ58SW152 125 4.27 553910 181060 
TQ58SW264 12 7.19 554332 181445 
TQ58SW728 16.6 0.8 553860 180798 
TQ58SW730 14.1 1.1 554321 180702 
TQ58SW732 21.6 3.1 554603 180646 

From Moor Hall site (to the east) 
BH01/07 3.24 3.37 554636 182256 
BH02/07 3.1 4.65 555035 182400 
BH04/07 4.97 8.42 554462 181562 
BH06/07 3.87 12.44 554784 181580 
BH07/07 2.06 22.76 555432 181589 
BH09/07 4.31 13.25 554869 181453 
BH10/07 7.02 5.56 554473 181227 
BH11/07 6.18 5.94 554529 181236 
BH12/07 1.55 12.62 555000 181315 
BH13/07 7.42 6.4 554772 181080 
BH14/09 6 5.26 554520 181090 
BH15/09 4.9 4.26 554583 181052 
BH16/09 6 5.23 554734 181103 
BH17/09 5.5 7.37 554343 181557 
BH18/09 6 8.35 554268 181719 
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Table 2.3  2003 Summary of base of Sand & Gravel (top of London Clay) 

Borehole 
Ground 

elevation 
(mAOD) 

Base elevation (mAOD) Depth to base (m) 

Topsoil/ 
overburden 

River 
Terrace 

Topsoil/ 
overburden 

River 
Terrace 

BH1 6.3 5.2 -1.4 1.1 7.7 
BH2 5.57 4.55 0 1.02 5.57 
BH3 6.1 5.85 -1.7 0.25 7.8 
BH4 7 5.8 -0.25 1.2 7.25 

TQ58SW394 ~6  5.54 -1.92 0.46 7.92 
TQ58SW108 7.46 7.16 2.66 0.3 4.8 
TQ58SW152 4.27 4.27 0.27 0 4 
TQ58SW264 7.19 6.89 3.69 0.3 3.5 
TQ58SW728 0.8 -10 -15 10.8 15.8 
TQ58SW730 1.1 -3.2 -3.8 4.3 4.9 
TQ58SW732 3.1 3 -0.7 0.1 3.8 

BH01/07 3.37   0.57   2.8 
BH02/07 4.65   2.05   2.6 
BH04/07 8.42   3.52   4.9 
BH06/07 12.44   8.54   3.9 
BH07/07 22.76   21.06   1.7 
BH09/07 13.25   9.05   4.2 
BH10/07 5.56   -1.04   6.6 
BH11/07 5.94   -1.06   7 
BH12/07 12.62   11.52   1.1 
BH13/07 6.4   -0.6   7 
BH14/09 5.26   -0.74   6 
BH15/09 4.26   -0.64   4.9 
BH16/09 5.23   3.63   1.6 
BH17/09 7.37   1.87   5.5 
BH18/09 8.35   2.35   6 
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2.2.3 Infilled ground/landfilling 
Landfill sites in the vicinity of the proposed Wennington quarry development are shown in 
Figure 2.4. Details of landfills within about 1.75 km of the Site are presented in Appendix D. 
A search of the Environment Agency “what’s in my backyard” website 
(Environment Agency, 2013) shows the following records of historical and active landfill sites 
within 500 m of the Site: 

 Willow Farm landfill is a historical landfill located directly adjacent to the Site to the 
east. It received inert and industrial waste up to December 1971. 

 Moor Hall Farm, a historical landfill about 220 m to the north east, received waste up 
to December 1971 (inert, commercial and household waste). 

 Arnold's Field is a historical landfill located about 250 m north of the Site. It received 
waste in 1965 (inert and household waste). 

 South Hall Farm is an active landfill located about 300 m to the north west of the Site. 
It accepts non bio-degradable waste only. 

ESI (2010) carried out a land quality assessment report for a proposed golf course to the east 
of the Site covering both the Willow Farm and Moor Hall Farm landfill areas. It was reported 
that in this area aggregate excavations took place in the 1960’s. Some parts of the resulting 
void were backfilled with a range of principally inert wastes whilst other areas were restored at 
a lower level.  It is not known if the soils replaced on the site after gravel excavation were the 
original soils from the site or if they were imported at the same time as the inert wastes. 

Information provided by the London Borough of Havering, and confirmed on the Environment 
Agency website, indicates that the infilling of the excavations were completed by the end of 
1972, prior to the Control of Pollution Act, and were therefore unlicensed. The information 
indicated that the types of waste placed in the area known as Willow Farm were inert and 
industrial (comprising ash, hardcore, metal and glass) as well as general soils and construction 
wastes, and was completed in 1971. The northern part of the site, known as Moor Hall Farm, 
was filled with inert and commercial wastes, and was completed in December 1971. However 
the former landowners, Lafarge Aggregates Ltd have stated that the area shown as Moor Hall 
Farm was not granted planning permission for gravel excavation until 16th June 1976 by the 
Secretary of State.  The site was worked through the late 1970’s and early 1980’s and was 
then restored to lower levels, with no importation of fill materials.  

2.3 Hydrology 
2.3.1 Rainfall 
Environment Agency (2004) reports that the Thames region receives an average rainfall of 
690 mm/a with an average effective rainfall of 250 mm/a. 

Rainfall data were available from a rain gauge at Heathrow Airport 46.5 km to the west of the 
Site (NGR: 507800, 176700) on the Met Office website (Met Office, 2013) from 1948 to 
2012. The average monthly rainfall is summarised in Table 2.4 with an average total rainfall 
of 604 mm/a. Rainfall for 2012 was considerably above average at 707 mm/a. In particular, 
rainfall in April, June, July and December was well above average. 

Rainfall data was also taken from Ministry of Agriculture, Fisheries and Food (1976) which 
reports average rainfall from 1941 to 1970. This source gives an average rainfall of 
577 mm/a for the area over this period. 
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Table 2.4  Monthly rainfall data from Heathrow (1948 to 2012) 

Month 
Average rainfall 
(1948 to 2012) 

(mm) 
2012 rainfall 

(mm) 
MAFF (1976) 

– 1941 to 
1970 data 

January 52.4 34.4 49 
February 39.2 16.8 38 

March 40.6 16.2 38 
April 42.4 98.4 37 
May 47.9 25.4 44 
June 49.1 110.8 47 
July 48.6 71.8 55 

August 53.7 36.4 60 
September 51.6 41.2 49 

October 62.1 88.4 50 
November 60.4 71.8 59 
December 55.4 95.8 51 

Total 603.6 707.4 577 
 

Effective precipitation was estimated from CEH (2013) using catchment area and mean flow 
data from three gauging stations within the vicinity of the Site as presented in Table 2.5 
below. The estimated effective precipitation ranged from 188 mm to 215 mm. However, this 
only provides an approximation of the recharge rate as the calculation of effective 
precipitation assumes that there is no net anthropogenic influence on the flows. 

 

Table 2.5  Effective precipitation in the vicinity of the Site 

Location Gaynes Park Bretons Farm Stifford 

River Ingrebourne Beam Mar Dyke 
distance (km) 5 4.7 5.7 

direction North North South east 
Area (km2) 47.9 49.7 90.7 
Data period 1970-2012 1965-2012 1974-2011 

 (m3/s) 0.326 0.331 0.541 

Estimated 
effective rainfall 

(mm/a) 
215 210 188 

 

2.3.2 Surface water features 
Surface water features in the vicinity of the proposed development are discussed below and 
are shown in Figure 1.1 and Figure 2.5.  

 The majority of the current Site boundary is lined with earth bunds between 0.5 m 
and 1 m in height. There are shallow drainage ditches along the southern and 
western boundaries which intercept surface water run-off in front of the earth bunds 
and direct flow towards a larger drainage ditch in the south eastern corner (No. 1 on 
Figure 2.5). Towards the centre of the Site, evidence was found during the site 
walkover of a shallow drainage ditch feature directing flow towards the south (see 
Figure 2.5). The larger drainage ditch located towards the south east corner of the 
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Site (No. 1 on Figure 2.5) was observed to be c. 2 m wide and c. 1.5 m deep. 
Surface water in the ditch flows south towards a pond (No. 2) before flowing through 
a culvert, beneath Wennington Road. This drainage ditch then continues southwards 
towards a dense network of drainage ditches/streams associated with the Inner 
Thames Marshes Site of Special Scientific Interest (SSSI) area (No. 3) and ultimately 
carries surface water flow into the River Thames located c. 2 km south of the Site. 
The larger drainage ditch/pond commences at the interface between the Taplow 
Gravel Formation and the Alluvium and is considered to be a spring emerging from 
the Sand & Gravel.  

 The Common Watercourse is located about 280 m to the north west of the Site 
(No. 4). This surface water feature flows in a south-westerly direction, ultimately 
discharging to the tidal estuary of the River Thames. The outfall into the River 
Thames is controlled by sluice gates (No. 5). Prior to reaching the River Thames, the 
watercourse drains through the Inner Thames Marshes SSSI and RSPB nature 
reserve adjacent to the Thames Estuary.  

 Other drainage ditches are present close to East Hall Farm (No. 6) which carry 
surface water flow towards the Common Watercourse.  

 Two fishing lakes approximately 8 hectares in size are located about 1.4 km to the 
east of the Site (No. 7). 

 A system of ponds is also located in Kennington Country Park, about 1.5 km to the 
north east, at a restored landfill site (No. 8). 

 Surface water drainage to the east of the A1306 is managed via a series of ditches. 
These ditches discharge either directly to the Common Watercourse, to a fishing lake 
c. 430 m to the north of the Site which overflows to Common Watercourse (No. 10), 
to a stream to the south (No. 9) or to various ponds in the vicinity (ESI, 2010).  

2.3.3 Surface water flow and levels 
Examination of the Ordnance Survey map of the area shows that the Common Watercourse 
stream bed is at an elevation of <5  mAOD (estimated 2-3 mAOD) at its closest point to the 
Site. During the site walkover the flow of the Common Watercourse was estimated from the 
bridge where it passes beneath Wennington Road (B1335) c. 590 m west of the Site. Here 
the watercourse was c. 2 m wide and c. 0.2 m deep; and an approximate flow of 40 l/s was 
estimated. 

Within the Site itself, it was not possible to obtain an estimate of the flow in the main 
drainage ditch in the south eastern corner (No. 1 on Figure 2.5) due to dense overgrowth but 
the bed of the ditch was observed to be wet upstream of the pond (No. 2). The site survey 
shows that the ditch is at a level of 1.95 m AOD close to where it enters the pond. Therefore, 
the pond will have a similar, slightly lower, level. 

Flows observed during the site walkover are likely to be lower than average for the time of 
year as the visit followed a prolonged dry spell when much of south east England was 
experiencing a heat wave. 

2.4 Hydrogeology 
2.4.1 Groundwater classifications and groundwater systems 
The Taplow Gravel is classified as a “Secondary A Aquifer”. Secondary A Aquifers are 
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. These are generally 
aquifers formerly classified as minor aquifers. 

The Alluvium in the vicinity of the Site is also classified as a “Secondary A Aquifer”.  



Wennington Proposed Quarry: Hydrogeological Impact Assessment Page 10 
 

Report Reference: 61594R1Rev01 
Report Status: Final 

The London Clay bedrock is classified as “Unproductive Strata” which is defined as being 
rock layers or drift deposits with low permeability that have negligible significance for water 
supply or river base flow. 

The Lambeth Group is classified as a “Secondary A Aquifer”. 

The Chalk beneath the London Clay and Lambeth Group is classified as a Principal Aquifer. 
Principal Aquifers are 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. 

There are no source protection zones related to public water supplies in the vicinity of the 
Site. The closest total catchment (Zone 3) is located about 2.5 km to the south east. 

2.4.2 Groundwater levels and flow 
Available data 

Groundwater level data are available for the Moor Hall site directly to the east from 
March 2008 to May 2013 with data collected at monthly intervals from eight piezometers 
installed within waste and seven piezometers installed within Sand & Gravel. The data is 
provided in Appendix E with groundwater level statistics presented in Table 2.6. Average 
groundwater levels are presents in Figure 2.6. 

Information was also available from BGS borehole TQ58SW108 with an estimated 
groundwater level of 4.76 mAOD observed soon after drilling. 

Additionally, one off groundwater levels recorded on 23 August 2013 were available from 
locations EHF04, EHF05 and EHF07, along the northern boundary of the Site as shown in 
Figure 2.6, with estimated levels of 2.6 m AOD, 3.0 m AOD and 2.0 m AOD based on 
groundwater dip data and an estimate of ground level from the site survey. 

Table 2.6  Groundwater levels at the Moor Hall site investigation boreholes 

Borehole Depth 
(m) 

Ground 
elevation 
(mAOD) 

Top of 
Clay 

(mAOD) 

Groundwater level (mAOD) Mean 
saturated 
thickness 
(mAOD) min max mean 

Piezometer in Sand & Gravel 
EHF04*  6.0    2.6  
EHF05*  8.0    3.0  
EHF07*  6.5    2.0  
BH01/07 3.24 3.37 0.57 1.68 3.28 2.38 1.81 
BH02/07 3.1 4.65 2.05 3.03 4.87 3.79 1.74 
BH07/07 2.06 22.76 21.06 21.08 22.78 21.69 0.63 
BH10/07 7.02 5.56 -1.04 2.17 3.66 2.76 3.8 
BH13/07 7.42 6.4 -0.6 1.39 2.73 2 2.6 
BH14/09 6 5.26 -0.74 0.54 3.74 2.85 3.59 
BH18/09 6 8.35 2.35 3.08 5.8 5.01 2.66 
Piezometer in waste 
BH04/07 4.97 8.42 3.52 5.73 7.24 6.22 2.7 
BH06/07 3.87 12.44 8.54 10.54 12.15 11.06 2.52 
BH09/07 4.31 13.25 9.05 11.08 12.52 11.57 2.52 
BH11/07 6.18 5.94 -1.06 2.3 3.6 2.74 3.8 
BH12/07 1.55 12.62 11.52 11.68 12.71 12.05 0.53 
BH15/09 4.9 4.26 -0.64 1.79 4.09 2.89 3.53 
BH16/09 6 5.23 3.63 2.22 5.22 3.05 -0.58 
BH17/09 5.5 7.37 1.87 4.19 6.52 5.52 3.65 

* based on groundwater dip data and an estimate of ground level from the site survey 
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Based on the data summarised in Figure 2.6 a fall in groundwater levels towards the 
drainage ditch and pond/stream to the south of the Site is apparent with the ditch base 
estimated to be at a level of c. 1.95 mAOD based on the site survey (Appendix C). 
Additionally, groundwater levels are interpreted to fall towards the stream to the 
south/south west and to the north west in the direction of the Common Watercourse. The 
bed elevation in this stream from the OS mapping based on 5 m contouring is estimated to 
be c. 2-3 m AOD (but is reliant on a coarse data resolution). 

Interpreted groundwater flow contours are shown in Figure 2.6 with groundwater in the Sand 
& Gravel likely to flow towards the north west and south west with a groundwater divide 
being present towards the north of the Site and with discharge to the Common Watercourse 
to the north and north west and discharge to the drainage ditches and stream to the 
south/south west. 

Groundwater flow is also likely to be controlled by the topography of the top of the London 
Clay. Groundwater will flow along the interface between the permeable gravel and the low 
permeability clay. The basal contour map for the gravel presented in Appendix B indicates 
that the base of the Sand & Gravel ranges from c. -2 to +2 mAOD, being deepest in the 
north west and shallowest in the north eastern and central areas. 

Groundwater levels across the Site are likely to range from c. 3.5 mAOD in the north east to 
2 mAOD in the north west and south. Comparing these levels to the interpreted base of 
Sand & Gravel (Appendix B) indicates the likely saturated thickness to range from c. 3 m in 
the north west, 4 m in the north, 1.5 m in the north east, 1 m in the centre of the Site and c. 2 
m in the south. The average saturated thickness across the Site is estimated to be c. 3 m.  

The London Clay will act as a low permeability barrier to downward groundwater flow from 
the Sand & Gravel beneath the Site. As such, the London Clay largely isolates the deeper 
productive aquifers from the superficial Quaternary aquifers which operate above the clayey 
aquitard (i.e., the London Clay minimises downward groundwater movements and so 
supports the creation of perched groundwater within the superficial deposits). 

Groundwater in the Lambeth Group, Thanet Sands and Chalk is likely to be in hydraulic 
continuity with groundwater in the Sand & Gravel c. 0.6 km, 1.0 km and 1.4 km to the south 
respectively, where they are in contact with the Sand & Gravel. Whether there is upward or 
downward flow will depend on their relative groundwater heads. The Chalk is typically in 
hydraulic continuity with overlying permeable strata (i.e. the Thanet Sand and Lambeth 
Group). 

The emplacement of waste with a lower hydraulic conductivity than the Sand & Gravel is 
likely to have some impact on groundwater flow to the east of the Site. It is noted however, 
that in the adjacent inert waste ESI (2010) reports that the water level in borehole BH11/07 
is similar to that recorded in the nearby monitoring location BH10/07. This suggests a good 
degree of hydraulic continuity between the waste materials (BH11/07) and the surrounding 
Sand & Gravel (BH10/07). 

2.4.3 Aquifer properties 
2.4.3.1 Sand & Gravel 
As discussed in Section 2.4.1, the Sand & Gravel beneath the Site is classified as a 
Secondary A Aquifer. Site specific data is not available and the published literature, such as 
Freeze and Cherry (1979), reports a broad range for hydraulic conductivity for a gravelly 
sand of 0.0864 to 864 m/d. Intergranular flow will be the primary transport mechanism. 

Fetter (1994) gives a specific yield range of 20 to 35% for a gravelly sand with a suggested 
average of 25%. 
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2.4.3.2 London Clay Formation 
As discussed in Section 2.4.1, the London Clay is classified as Unproductive Strata and the 
hydraulic conductivity of the London Clay is likely to be low to very low. The top of the 
London Clay is considered to effectively act as the base of the superficial deposits.  

2.5 Surface water and groundwater quality 
The information in this section is taken from ESI (2010), which reported on groundwater and 
surface water quality at Moor Hall Farm landfill directly to the east of the Site for a controlled 
waters risk assessment. It was reported that the former waste tip located in the east of the 
Site is a source of ammonia, sulphate, phenol and PAH pollution. However, the available 
analytical data suggested that the pollution effects are relatively localised and may therefore 
be of limited significance. 

Surface water monitoring locations and in-waste/groundwater monitoring locations are 
shown in Figure 2.6. Water quality monitoring was carried out on a quarterly basis over a 
2 year period commencing in May 2008.  

Four compliance points were identified for the purpose of the controlled waters risk 
assessment as follows: 

A:  water (leachate) quality within the waste materials (as described by water quality data 
from in-waste locations BH04/07, BH06/07, BH09/07, BH11/07, BH12/07, BH15/09 
and BH16/09). 

B:  within the Sand & Gravel aquifer along the western boundary (as described by water 
quality data from BH10/07, BH14/09 and BH18/09). 

C:  within the Common Watercourse (as described by water quality results from sampling 
location SW6). 

D: within drainage channels and ponds (as described by water quality results from 
sampling locations SW1, SW2, SW3, SW4 and SW5). 

Table 2.7 compares average and maximum observed concentrations for samples taken from 
compliance point B for the last 12 months of available data (from quarterly monitoring rounds 
August 2012, November 2012, February 2013 and May 2013) to give an indication of the 
likely quality of groundwater inflow to the proposed development from the eastern boundary 
during dewatering. Any exceedances of the adopted target concentrations are highlighted in 
bold italics and the following comments are made with respect to average concentrations 
compared to target concentrations: 

 Potassium is only slightly above the target concentration. 

 The EQS for zinc and copper are pH dependant and the average concentration 
exceeds the lower end of the range only. 

 Average cyanide concentrations are above the target concentration due to two 
anomalously high readings with other results below the LOD. These are therefore, 
potentially unrepresentative of typical water quality. 

 Groundwater contains some PAHs. ESI (2010) reported these appear to originate 
from the waste tip.  
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Table 2.7  Groundwater quality directly to the east (BH,10, BH14 & BH18) 

Determinand Unit No. of 
samples 

No. of 
samples 

above limit 
of 

detection 

average max UK DWS 
/ WHO EQS freshwater  

Chloride mg/l 12 12 126.7 425   250 
Ammoniacal 
Nitrogen  mg/l 12 12 6.6 28.3     

Nitrate mg/l 12 11 1.9 5.12 11.3   
Sulphate mg/l 12 11 245.7 729   400 
Sodium  mg/l 12 12 90.4 275   170 
Potassium  mg/l 12 12 23.4 49.1 12   
Calcium mg/l 12 12 174.1 403 250   
Magnesium mg/l 12 12 26.76 78.1 50   
Iron mg/l 6 3 0.79 4.46   1 
Manganese mg/l 6 6 0.77 2.83   n/a 
Zinc mg/l 6 6 0.01 0.0237   0.008 to 0.5 
Lead mg/l 6 4 0.000078 0.000264   0.004 to 0.25 
Copper mg/l 6 5 0.00556 0.00929   0.001 to 0.028 
Nickel mg/l 6 6 0.0074 0.0204   0.05 to 0.2 
Cadmium mg/l 6 3 0.00043 0.00185   0.005 
Chromium mg/l 6 6 0.0018 0.004   0.005 to 0.25 
Cyanide mg/l 6 2 0.13 0.659 0.05   
Mercury mg/l 6 1 <0.0000105 0.000013   0.001 
Phenol  mg/l 6 0 <0.03 <0.03   0.03 
Total PAH mg/l 6 3 4.124 16.6   0.1 
Acenapthene µg/l 6 3 0.71 3.29   0.1 
Acenaphthylene µg/l 6 3 0.038 0.137   0.1 
Anthracene µg/l 6 3 0.045 0.137   0.1 
Fluoranthene µg/l 6 5 0.14 0.664   0.1 
Fluorene µg/l 6 2 0.19 0.723   0.1 
Naphthalene µg/l 6 3 2.42 14   0.1 
Phenanthrene µg/l 6 3 0.087 0.304   0.1 
Pyrene µg/l 6 5 0.14 0.577   0.1 
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2.6 Potential receptors 
2.6.1 Surface water features 
The primary surface water receptors in the vicinity of the Site which could potentially be 
influenced by the proposed development are: 

 the drainage ditch, pond and water features downstream towards the south east of 
the Site adjacent to Wennington Hall Farm (No. 1 and 2 on Figure 2.5), which flow 
southwards towards the Inner Thames marshes (and any resultant subsequent loss 
of flow down-stream). 

 the Common Watercourse (No. 4 on Figure 2.5)  

2.6.2 Groundwater abstractions 
The Environment Agency provided information on licensed groundwater abstractions within 
a 3 km radius of the Site.  Locations of licensed abstractions within a 3 km radius of the Site 
are shown on Figure 2.7 and their details are summarised in Table 2.8. 

Two groundwater abstractions associated with Rainham Quarry are located c. 1.5 km to the 
north east of the Site. Licence 08/37/55/0073 takes water from the Sand & Gravel with 
licence TH/037/0055/005 from the Chalk. 

The remaining three licences take water from surface water features. The closest of these is 
licence 08/37/55/0102 which is licenced to abstract up to a total of 191 m3/hr (53 l/s) from 
three locations on the Common Watercourse to the north. 

The Site does not lie within an SPZ for any public water supplies. 

2.6.3 Other water supplies 
London Borough of Havering were contacted to establish if there are any private water 
supplies within 3 km of the Site.  The information obtained indicated that there are no private 
water supplies in the entire borough (Kana Purkayastha, London Borough of Havering, pers. 
comm.). Since the Site is within 3 km of the neighbouring borough of Thurrock to the east, 
Thurrock Council was also contacted and it was established that there are also no private 
water supplies in this borough (Hilary Bright, Thurrock Council, pers. comm.). Furthermore, 
there are no locations labelled as a “well” on the Ordnance Survey 1:10,000 scale maps 
within 3 km of the Site. 

BGS borehole TQ58SW152, directly to the south west of the Site (see Figure 2.2), is shown 
as a “water well” on the BGS website and was drilled by Thames Water (date unknown). It 
intercepted 52 m of Chalk below London Clay (which was present to 44 m bgl) and is certain 
to take water from the Chalk. There is no source protection zone associated with this 
location suggesting that it is not in operation as a public water supply. 

2.6.4 Environmental designated sites 
The locations of environmental designations are shown on Figure 2.8.  

The Site is located c. 530 m from Wennington Marsh to the south west, which is part of the 
larger Inner Thames Marshes SSSI designated area. It forms the largest remaining expanse 
of wetland (c. 486 ha) bordering the upper reaches of the Thames Estuary and is also 
designated as an Important Bird Area by the RSPB.  

The Ingrebourne Marshes SSSI, about 1.8 km to the north west, is freshwater marshland 
comprising extensive areas of reed sweet-grass and common reed swamp, wet neutral 
grassland and tall fen. This habitat supports an assemblage of associated invertebrates and 
breeding birds. 
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The Purfleet Road, Aveley SSSI, about 1.5 km south east of the Site, is of geological 
importance due to the presence of deposits which form part of the Mucking Formation 
Gravels. 

The Warwick Wood, Whitepost Wood and Whitehall Wood areas of ancient woodland are 
located c. 1.8 km north east of the Site.  
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Table 2.8  Licensed abstractions 

Licence number Distance from 
Site (m) Source 

Authorised quantity (m3) 
Use Owner Point information 

annual daily hourly 

08/37/55/0073 1400 (NE) Groundwater - 
Gravels 616440 2291 300 

Mineral Washing Havering 
Aggregates Ltd 

Rainham Quarry-Silt 
Lagoon 

TH/037/0055/005 1550 (NE) Groundwater - 
Chalk 20000 432 18 Rainham Quarry- 

Borehole 

08/37/55/0096 2000 (N) 

Surface water 

200000 1800 75 Spray Irrigation - 
Storage W O Watt & 

Partners Ltd 

Berwick Pond 

08/37/55/0102 
230 (N), 490 

(NW) and 620 
(NW) 

174500 1528 191 Spray Irrigation - Direct Berwick Ponds Farm & 
South Hall Farm 

08/37/55/0103 
1900 (S) 

14000 76.5 6.3 General Use Relating To 
Secondary Category 

(Low Loss) 

The Royal Society 
For The 

Protection Of 
Birds 

Rainham, Wennington & 
Aveley Marshes-
Wennington Branch 
Sewer 08/37/55/0103 210140 1155 96 
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2.7 Conceptual Model 
The Taplow Gravel (River Terrace Deposits) is present beneath the Site above the London 
Clay.  The Lambeth Group and the Thanet Sands (essentially comprising laminated clay and 
sand horizons) are present beneath the London Clay. These formations overlie the Chalk. 
The bedrock dips towards the north with younger strata located towards the north below the 
superficial deposits. BGs mapping indicates the Lambeth Group to “outcrop” c. 600 m to the 
south, with the Thanet Sands and Chalk c. 1.0 km and 1.4 km to the south. 

A thin occurrence of Alluvial deposits associated with the Common Watercourse is present 
to the north. More extensive Alluvium associated with the River Thames is present c. 1 km to 
the south west of the Site. The depth to the base of Sand & Gravel ranged between 5.5m 
and 7.8m below the Site. The thickness of Sand & Gravel is c. 4.5 to 7.5 m beneath the Site. 
The Sand & Gravel is present below the alluvium to the south between the Site and the 
River Thames. 

The River Thames is the main surface water feature in the area. Groundwater in the Sand & 
Gravel is likely to flow towards the north west and south west with a groundwater divide 
being present towards the north of the Application Area and with discharge to the Common 
Watercourse to the north and north west and discharge to the drainage ditch and streams to 
the south/south west. The average Sand & Gravel saturated thickness across the Site is 
estimated to be c. 3 m.  

The London Clay will act as a low permeability barrier to downward groundwater flow from 
the Sand & Gravel beneath the Site. Groundwater in the Lambeth Group, Thanet Sands and 
Chalk is likely to be in hydraulic continuity with groundwater in the Sand & Gravel from c. 
0.6 km to the south. 
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3 PROPOSED DEVELOPMENT 

3.1 General 
The detail of the proposed development is set out in the development plans in Appendix A.  
The proposed quarry covers approximately 25.3 ha and will be worked in phases with initial 
operations beginning in the north and subsequent development into the southern area of the 
Site. 

The mineral will be dewatered and worked dry down to the base of the Sand & Gravel which 
ranges from c. -2 to +2 mAOD. The thickness of Sand & Gravel typically ranges from c. 4.5 
to 7.5 m beneath the Site. 

It is understood that the restoration scheme includes provision for imported inert fill in 
addition to in-situ waste material with final restoration back to original ground level. Land use 
post restoration is likely to return to agricultural use.  

Areas of hard standing being proposed within the Site include an office, weighbridge and 
ancillary buildings, as well as an access road into the Site. The proposed plant and 
operations area and silt and water management area are shown in Appendix A. 

3.2 Estimate of inflows to the excavation 
3.2.1 Radius of influence 
A calculation of radius of influence was conducted. In the absence of site-specific data, the 
radius of influence of an abstraction can be estimated using the Sichardt formula: 

Radius of influence, Ro = Cs√K 

where  s is drawdown (m) 

  K is hydraulic conductivity (m/s) 

  C is an empirical calibration factor 

C is usually taken as 3000 for radial flow (Environment Agency, 2006).   

The maximum drawdown that might be anticipated if the Site were to be worked dry is 
estimated to be about 4.0 m in the north of the Site with an estimated average dewatering 
depth of 3.0 m required.  

Site specific data is not available and the published literature, such as Freeze and Cherry 
(1979), report a broad range for hydraulic conductivity for a gravelly sand of 0.0864 to 
864 m/d. Using a range of hydraulic conductivity from 1 to 50 m/day (based on previous 
experience and best judgement) and a drawdown of 3.0 m, the radius of influence is 
estimated at 30 to 200 m. Based on a best estimate hydraulic conductivity value of 20 m/d 
the calculated radius of influence is 136 m. 
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3.2.2 Groundwater inflow 
Groundwater levels across the Site are likely to range from c. 3.5 mAOD in the north west to 
2 mAOD in the north west and south east. As reported in Section 2.4.3, the maximum 
drawdown that might be anticipated if the Site were to be worked dry is estimated to be 
about 4.0 m in the north of the Site with an estimated average dewatering depth of 3.0 m 
required.  

The total groundwater inflow to the quarry during dewatering for gravel extraction can be 
estimated using the Dupuit equation for steady flow in an unconfined aquifer (Kruseman & 
DeRidder, 1990): 
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where  q’ is the flow per unit width (m2/d) 

 K is the hydraulic conductivity (m/d) 
 h1 is the head at the origin (m) 
 h2 is the head at L (m) 
 L is the flow length (m) 

An estimate of groundwater inflow was made using the following parameters: 

 a hydraulic conductivity value of 1, 20 and 50 m/day (min, most likely and max values 
based on best judgement). 

 a head difference estimated from groundwater levels and base of aquifer levels  
(estimated as 3 m). 

 a flow length (radius of influence) calculated using the Sichardt formula above. It is 
considered that this value is conservative for calculation of maximum dewatering 
rates but should be treated with caution when used for assessing drawdowns at 
distant receptors. Using a range of hydraulic conductivity from 1, 20 and 50 m/day 
and a dewatering drawdown of 3.0 m, the radius of influence is estimated at 
30 to 200 m. Based on a best estimate hydraulic conductivity value of 20 m/d the 
calculated radius of influence is 136 m. 

An estimated inflow of 0.14, 0.23 and 1 m3/d per unit width was calculated based on the min, 
most likely and max values of hydraulic conductivity. Groundwater inflows were calculated 
on a conservative (high) basis assuming the entire excavation was open, (total face length of 
1900 m) whereas progressive restoration is proposed. The predicted inflows are estimated 
as 280 m3/d (3.23 l/s), 1,250 m3/d (14.4 l/s) and 1,970 m3/d (22 l/s) based on the min, most 
likely and max values of hydraulic conductivity. 

3.2.3 Rainfall inflow 
In addition to groundwater inflows incident rainfall will need to be removed by pumping.  The 
rate of ‘typical’ rainfall inflow can be estimated from the average rainfall of 604 mm/a 
(Section 2.3.1) and a quarried area of 25.3 hectares.  An average value of 420 m3/d (4.9 l/s) 
of rainfall entering the excavation is calculated with the entire excavation open. Winter 
rainfall values may exceed this; for example the mean November rainfall of 59 mm (MAFF, 
1976) would generate 498 m3/d (5.8 l/s). The rainfall inflow calculation is conservative as 
losses due to evaporation are not taken into account. The combined total of the rainfall and 
conservative best estimate groundwater inflow gives a potential total water volume of 
1,748 m3/d (20.2 l/s). 

3.2.4 Water management and discharge route 
It is likely that dewatering will be required from the Sand & Gravel aquifer. It is anticipated 
that during the quarrying operations, storm run-off from the Site will accumulate within the 
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lowest section of the quarry void which will act as a temporary attenuation feature and be 
pumped offsite via the dewatering discharge process. It is recommended that direct surface 
water gravity drainage to the existing ditches is avoided during the extraction phases. 

The total discharge requirement for the Site is a summation of rainfall and groundwater 
ingress and a best estimate of c. 20 l/s is considered likely. During each working phase 
water will be collected in a sump at the base of the excavation and pumped back to the 
mineral processing plant area.  

Groundwater inflow and surface water inflow will be used in the mineral washing system.  
Excess water could be discharged to the drainage ditch in the south east of the Site, or to 
the Common Watercourse to the north. This would be agreed and carried out under the 
conditions of a discharge activity environmental permit. An abstraction licence will be 
required from the Environment Agency for water used in the mineral processing and a 
transfer licence will be required for the dewatering activities. 

A series of settlement lagoons are proposed to remove suspended solids within the mineral 
processing circuit. It is likely that the suspended solid content of the influent groundwater will 
be low and direct discharge from the Site may be possible, subject to initial settlement within 
the quarry void.  

Site discharge may also be used to mitigate possible impacts discussed in a later section of 
the report.  

Several routes for the site discharge can be considered. A discharge to the north would 
require access permission across a length of c. 200 m to discharge to the Common 
Watercourse and a means to pass beneath the road which runs adjacent to the Site to the 
north.  

Discharge to the south may require agreement with the owner of the existing pond at 
Wennington Hall Farm. Confirmation will be required to confirm that discharge through the 
pond is acceptable during the operational phase and subsequent restoration. It is noted that 
discharge via this route already occurs under the existing conditions including agricultural 
run-off, and additional attenuation will be provided. Alternative methods of routing around the 
pond may also be considered. 

Based on the run-off control and flood risk assessment, undertaken as a separate report 
(ESI, 2013), the discharge route to the south is the preferred option. This will allow 
construction of a passive sustainable drainage system following the natural ground contours. 
It is recommended that the initial phase of mineral extraction occurs at the south eastern 
(downstream) side of the Site to create an attenuation and settlement pond for run-off from 
the Site. A schematic of the proposed water management system is provided in Figure 3.1. 
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4 POTENTIAL IMPACTS AND MITIGATION MEASURES 

4.1 Approach to the Impact Assessment 
On the basis of the conceptual model developed for the area, an approach to the impact 
assessment has been adopted within the recommended risk assessment framework.  The 
standard approach recommended for environmental risk assessment is set out in 
“Guidelines for Environmental Risk Assessment and Management”, DEFRA (2011).  The risk 
assessment is also carried out in accordance with Environment Agency (2007) which 
describes a methodology and suite of tools for assessing the hydrogeological impact of the 
abstraction of groundwater for dewatering purposes.  

A source-pathway-receptor methodology has been applied that, in the context of the impact 
assessment, may be defined as:  

Source : Dewatering associated with further working of the quarry/quarries 

Pathways : Groundwater flow pathways or hydrogeological linkages identified in the 
conceptual model.   

Receptors : Key water features.   

The identification of a risk requires the presence of all three elements in the source-pathway-
receptor chain.   

Step 1: Identification of Sources.  The source for this assessment is the proposed 
development and any associated dewatering.   
Step 2: Identification of Receptors.  Receptors at risk of potential impact comprise the 
water features identified during this investigation.   

Step 3: Identification of Pathways.  The assessment process must establish whether the 
groundwater level effects of quarry dewatering could potentially affect any of the identified 
water features.  Each potential source-pathway-receptor chain is considered in the context of 
the conceptual model.  Where there is believed to be no significant groundwater pathway 
between the quarry and a given receptor, this receptor can be removed from the impact 
assessment process.   

Step 4: Quantification of Probability of Impact and Magnitude of Effects.  The presence 
of a hydrogeological pathway between the quarry and a receptor does not on its own 
indicate that an effect will occur at the receptor.  The next step in the impact assessment 
process must therefore be to address whether or not there is likely to be an effect at each 
potential receptor resulting from quarry development (and decommissioning) works.  This 
requires a degree of quantification.   

Step 5: Assessment of Significance.  The demonstration and quantification of a potential 
effect does not in itself represent a significant potential impact as this requires an 
assessment of the significance of the effect.  This is conducted individually for each receptor. 

There are two aspects to the assessment of significance: 

1) it is necessary to compare the size of the potential effect with a relevant criterion.  If the 
size of effect is smaller than the criterion then the effect does not represent a significant 
impact.  In some cases it may be more appropriate to determine this on a qualitative 
basis. 

2) if the size of effect is potentially greater than the relevant criterion, it is necessary to 
assess the significance that the potential impact represents.  The significance of an 
impact is dependent on the magnitude of the effect and the importance of the receptor. 



Wennington Proposed Quarry: Hydrogeological Impact Assessment Page 22 
 

Report Reference: 61594R1Rev01 
Report Status: Final 

1.  Relevant Criteria 

Step 5 requires a measure of impact significance (i.e. when does a predicted effect become 
a potentially significant impact?).  The impact significance at each receptor site has been 
evaluated separately on the basis of the conceptual understanding of the local groundwater 
system.  To assist in this evaluation, the following interim, conservative guidelines have been 
adopted for screening purposes: 

 For licensed groundwater abstraction boreholes a predicted groundwater level reduction 
in excess of 0.5 m is taken to indicate a potentially significant impact. 

 For shallow wells and ponds, a predicted groundwater level reduction in excess of 
0.25 m is taken to indicate a potentially significant impact. 

 For spring flows, a derogation of flow in excess of 10% of mean long-term flows is taken 
to indicate a potentially significant impact. 

Where an effect falls below the threshold criteria described above, it is taken to be negligible.  
Where it exceeds the critical threshold, a site specific assessment of the degree of effect 
(low, medium, or high) is applied based on the particular conditions at that receptor (e.g. 
large natural variation in groundwater levels compared to the predicted change). 

2.  Importance of Receptors 

The second factor in the consideration of degree of impact is the importance of the receptor.  
Receptors have been assigned to one of three status categories – low, medium or high.  The 
methodology for assigning to a particular category is based on the following general criteria 
although it is to some degree subjective: 

 Low Status – Unlikely to be of significant ecological or societal value (e.g. small 
ephemeral pond); surface water and groundwater abstractions that supply or impact 
on an individual or small number of people (e.g. farm or home supply), although this 
may be locally significant; 

 Medium Status – Of local ecological or societal value or supporting medium or high 
status ecological features (e.g. springs); surface water or groundwater abstractions 
that supply or impact on a local community (e.g. local water supply or water supply to 
a local amenity); 

 High Status – Nationally and internationally designated ecological sites (e.g. SACs) 
or features supporting these (e.g. springs); surface or groundwater abstractions that 
feed into public water supply.   

Degree of impact is determined by applying the degree of effect with the receptor status 
according to the matrix in Table 4.1 below: 

Table 4.1 Hydrogeological Impact Assessment matrix 
  Receptor Value 
  Low Medium High 

D
eg

re
e 

of
 e

ffe
ct

 Negligible Negligible Negligible Negligible 
Low Minor Minor Moderate 

Medium Minor Moderate Major 
High Moderate Major Major 
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Whilst the table above provides impact magnitude, impacts are further defined in terms of 
whether they are adverse (i.e. negative) or beneficial (i.e. positive). Significant impacts are 
highlighted in red (i.e. Moderate or Major). 

An assessment of all potential hydrological and hydrogeological impacts relating to the 
development is presented below.  Where a potentially significant impact is identified, this is 
followed by a discussion of the probability of the impact occurring, which provides an 
assessment of the potential risk.  Monitoring and mitigation measures are discussed in 
Section Error! Reference source not found.. 
4.2 General impacts of the proposed development 
The range of potential impacts from dewatering activities associated with Sand & Gravel 
extraction and subsequent restoration of quarry voids is well established.  Many of these 
potential impacts can be avoided by good design and standard mitigation measures.  These 
impacts can be grouped as set out in Table 4.2. 

Table 4.2  Potential impacts of quarry development 
No. Type of Impact Typical Mitigation Measures 
A Impacts from dewatering through lower groundwater levels in surrounding sand and 

gravel deposits 

A1 Impacts on water levels in nearby 
abstractions  

Avoid working nearby, wet working, cut off 
walls, recharge trenches, discharge of 
compensation flows to drains A2 Impacts on habitats sensitive to shallow 

groundwater levels 

A3 Impacts on water levels in any nearby 
ponds and lakes in connection with the 
aquifer 

A4 Impacts on base flows in drains sourced 
from sand and gravel aquifer 

B Impacts from quarry operation 

B1 Impacts on groundwater and surface 
water quality from standard plant 
operation 

Settlement lagoons, standard planning 
conditions regarding bunding of fuel tanks, 
appropriate spill response procedures etc. 

C Impacts from discharge of water from dewatering operations 

C1 Impacts on receiving drain water quality Settlement lagoons, controlled by 
discharge consent to be applied for 

C2 Impacts on receiving drain water flows Covered by flood risk assessment (FRA) 

C3 Diversion of baseflow from one 
catchment to another 

Relocation of discharge point, discharge of 
compensation flows to drains 

D Impacts from restoration 

D1 Long term impact on groundwater levels 
(can be either increased or decreased 
depending on details of restoration 
scheme) 

Appropriate design of restoration, 
particularly the materials used to restore 
slopes and the level and location of the 
overflow point 

D2 Additional loss of water from open water 
evaporation 

Reduce areas of open water in restoration 
concept 

D3 Faster runoff and increase in flood risk SuDS style overflow channels to minimise 
peak flows (covered by FRA) 
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In the following sections the potential for the general hydrogeological impacts listed above to 
apply to receptors identified in Section 2.6 are discussed for the proposed development, first 
in terms of the dewatering phase and then for the restoration. 

4.3 Operational phase 
Potential impacts A, B and C in Table 4.2 relate to the dewatering phase. 

The first set of potential impacts, A1 to A4, relate to the lowering of groundwater levels. 

A1 Nearby abstractions 
The Site is not within the source protection zone of any public water supplies and there are 
no private water supplies in the vicinity of the Site. 

Two groundwater abstractions associated with Rainham Quarry are located c. 1.5 km to the 
north east of the Site and are not likely to be impacted due to their distance and location on 
the opposite side of the Common watercourse. Additionally, licence TH/037/0055/005 is from 
the Chalk which will be protected by a significant thickness of London Clay to the north. 

There are three licences taking water from surface water features. The closest of these is 
licence 08/37/55/0102 which is licenced to abstract up to a total of 191 m3/hr (53 l/s) from 
three locations on the Common Watercourse to the north. These could feasibly be impacted 
if the quarry operations had a significant impact on flow in the Common Watercourse but this 
is not considered likely. Based on an estimated catchment of the Common Watercourse to 
the north of the Site of 16 sq km and an effective rainfall of 250 mm/a this equates to an 
average flow in the Common Watercourse of 125 l/s. Given that the most likely groundwater 
inflow volume is estimated as 14.4 l/s, based on a conservative open face width, any loss of 
flow in the Common Watercourse with respect to impact on this abstraction licence is not 
likely to be significant. In any case, excess water could be discharged to the Common 
Watercourse to mitigate any potential impact, as per the conditions of a discharge activity 
environmental permit. 

Surface water licences 08/37/55/0096 and 08/37/55/0103 could not feasibly be impacted 
given their locations on watercourses distance from the Site.  

BGS borehole TQ58SW152, if in use as a water well, is not likely to be impacted as it is 
certain to take water from the Chalk if in operation and the London Clay will provide 
adequate protection. There is no source protection zone associated with this location 
suggesting that it is not in operation as a public water supply. 

A2 Sensitive sites 
The Inner Thames Marshes could feasibly be impacted by a reduction in flow in the drainage 
ditch/streams to the south of the Site. However, the quarry will represent a tiny proportion of 
the total catchment of the marshes and the loss in flow will be minimal. The average flow in 
the stream to the south with leads to this SSSI is estimated to be 11 l/s and a rough estimate 
of average flow in the drainage ditch to the south east of the Site is 0.6 l/s. If the drainage 
ditch goes dry then this is not considered a significant loss of flow which could impact on the 
SSSI. The ditch in the south east corner of the Site was observed to be “wet” during the site 
walkover with no observable flow. 

The Ingrebourne Marshes SSSI, to the north west of the Site, is not considered at risk of 
impact given the location on the opposite site of the Common Watercourse. 

No other designated sites could feasibly be impacted. 

A3 Ponds and lakes in connection with the aquifer 
There may be a reduction in flow, and impact on water level, in the pond in the south east of 
the Site. This could be mitigated by discharging a portion of the dewatering water via this 
route. A discharge activity environmental permit would be required. 
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A4 Baseflow in drains 
Based on an estimated catchment of the Common Watercourse to the north of the Site of 
16 sq km and an effective rainfall of 250 mm/a this equates to an average flow in the 
Common Watercourse of 125 l/s. Given that the most likely groundwater inflow volume is 
estimated as 14.4 l/s, based on a conservative open face width, any loss of flow in the 
Common Watercourse is not likely to be significant. In any case, excess water could be 
discharged to the Common Watercourse to mitigate any potential impact, as per the 
conditions of a discharge activity environmental permit. 
B1 Impacts on water quality from plant operation 
Potential impacts could occur on groundwater and surface water quality from spills 
associated with plant operating on the Site.  It is anticipated that these will be addressed by 
standard planning conditions that would be applied to the planning permission. The site 
drainage system would be inspected on a regular basis to ensure that the there is no visible 
oil present and there are no reported incidents of spills. An environmental management 
system would be put in place to ensure best practice occurs. 

C1 and C2 Impacts on receiving drain water quality and flows 
High suspended solid contents in discharge waters may increase the turbidity of flows in 
drains, particularly after heavy rainfall events.  In extreme cases the discharge drain may 
also become blocked by discharged sediment.  Suspended solids will be removed by means 
of settlement in the lagoon system.  Conditions on the environmental permit which would be 
required to discharge to controlled waters would effectively regulate the quality of discharge 
water. 

As reported in Section 2.5, the former waste tip located immediately to the east of the Site is 
a potential source of contaminated groundwater. Potential exists for groundwater to be 
drawn into the workings from this site. The groundwater directly to the east of the Site 
(Compliance Point B) comprising data from BH10/07, BH14/09 and BH18/09) shows 
elevated potassium, zinc, copper, cyanide and PAH. However, radial inflow to the workings 
will occur and the potential contribution from the landfill area will be a small part of the total 
resulting in significant dilution. The potential for a water quality impact from this source is not 
considered to be significant due to the relatively low concentrations and the potential for 
significant dilution. Given that “clean” groundwater and rainfall will mix with any groundwater 
derived from the east it is considered that there is unlikely to be any problem with the quality 
of discharge from the Site. It is recommended that water quality samples of the site 
discharge are taken periodically to confirm this. 

C3 Diversion of baseflow from one catchment to another 
If discharges are placed in such a location that they are in a different catchment to some or 
all of the abstracted water, baseflow may effectively have been diverted. If the excess water 
in the quarry is discharged to the Common Watercourse then the drain in the south east 
could go dry. However, this ditch is not considered to be of significance as a controlled water 
and the impact downstream is not considered significant as discussed above. 

4.4 Restoration phase 
Potential impacts D1 to D3 in Table 4.2 are associated with the restored Site. 

D1 Long term impact on groundwater levels  
Assuming that the restoration materials are less permeable than the Sand & Gravel 
extracted, groundwater levels may be expected to increase upstream of the restored Site. 
Minor changes to upstream groundwater levels are not expected to be of any consequence, 
particularly given the presence of waste material up-gradient of the Site at Moor Hall Farm 
due to filling of previous workings. 
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D2 Additional loss of water from open water evaporation 
If open water were planned as part of the restoration, additional losses could be expected 
from open water evaporation, which could reduce the availability of water in the catchment.  
However, no open water is planned for the Site, which will be restored to agricultural use 
following restoration to original ground levels with the exception of a small flood attenuation 
basin. 

D3 Faster runoff and increase in flood risk 
Open water bodies allow for the rapid transfer of water, relative to groundwater bodies where 
flow is impeded by the rock.  In periods of intense rainfall in particular this can give rise to 
enhanced discharge and consequent problems with the balance of water flows.  However, 
as noted above, no open water is planned in the Site restoration with the original landform to 
be reinstated with no significant change to the existing run-off characteristics expected, as 
reported in ESI (2013). 

4.5 Monitoring and mitigation measures summary 
In order to ensure that the proposed development does not have a negative impact on the 
surrounding water environment it is proposed to instigate a series of monitoring activities. 
This will allow the site management to undertake corrective action in the event that a 
potential impact is identified. 

It is recommended that a program of regular groundwater monitoring is started. A minimum 
of three groundwater monitoring boreholes should be constructed and levels should be 
recorded on a monthly basis in order to ensure that unforeseen impacts are not occurring. 
The boreholes should be located on the site boundaries to allow an accurate assessment of 
groundwater flow direction. Groundwater quality samples should also be taken periodically to 
confirm the background conditions. 

Excess groundwater inflow and surface water inflow water is likely to be discharged to the 
drainage ditch in the south east of the Site. The quantity of water discharged from the Site 
via the pump should be recorded on an on-going basis. Water quality sampling for 
suspended solids and visible oil and grease should be undertaken on a quarterly basis. It is 
recommended that samples are analysed for ammoniacal nitrate, sulphate and PAH on a six 
monthly basis to ensure there are no issues associated with the adjacent landfill. This would 
be agreed and carried out under the conditions of a discharge activity environmental permit.  

4.6 Summary of Effects  
Table 4.3 and Table 4.4 summarise the potential impacts of the proposed development. It 
also identifies whether mitigation measures are required to reduce these potential impacts to 
acceptable levels. These measures either reduce the likelihood of an event occurring, or 
reduce the magnitude of the consequences if the event does occur. 
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Table 4.3 Summary of development stage impacts (pre-mitigation) 
Potential Impact Receptor Degree of effect Receptor value Degree of impact Mitigation 

Required? 
Groundwater quality 

Spillage of fuels etc. Groundwater in 
Taplow Gravel 

Medium to high Medium Moderate Yes. Standard good 
practice. 

Groundwater levels/flow 
Derogation of 
baseflow to drains 

Common 
Watercourse 

Low Medium Minor No, but 
recommended. 

Groundwater level 
monitoring around 

site. 
If required, flow 

could be 
augmented with 

abstracted water. 
Impacts to private 
water supply 

Two groundwater 
abstractions 

associated with 
Rainham Quarry 

Negligible Medium Negligible No 

Other wells (no 
protected rights) 

BGS borehole 
TQ58SW152 

Negligible Low/Negligible Negligible No 

Licenced water 
supplies 

Licence 
TH/037/0055/005 

Negligible Medium Negligible No 

Surface water quality 
Spillage of fuels etc. Downgradient 

ditches 
Medium to high Medium Major Yes. Standard good 

practice. 
Abstraction of 
contaminated 
groundwater 

Receiving 
drainage ditches 

Low Medium Minor No, but 
recommended. 
Monitoring of 

groundwater and 
discharge water 
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Potential Impact Receptor Degree of effect Receptor value Degree of impact Mitigation 
Required? 

quality. 
Release of 
suspended solids 

Downgradient 
ditches 

High Medium Major Yes. Standard good 
practice and water 

management. 
Inclusion of 

settlement lagoons. 
Surface water levels/flow and flooding 

Reduction in 
surface water body 
level 

Pond in the 
south east of the 

Site 

Low Low Minor Possible. If 
required, augment 

inflow with 
abstracted water. 

Licenced surface 
water abstractions 

licence 
08/37/55/0102 

Low Medium Minor No. If required flow 
could be 

augmented with 
abstracted water. 

08/37/55/0096 Negligible Medium Negligible No 

08/37/55/0103 Negligible Medium Negligible No 

Flooding due to 
increased runoff 
rates 

Receiving 
drainage ditches 

Negligible  Medium Negligible No 

Sensitive sites 

Reduced flow to 
sensitive site 

Inner Thames 
Marshes 

Low/Negligible High Minor No 
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Table 4.4  Summary of decommissioning/post restoration specific impacts (pre-mitigation) 
Potential Impact Receptor Degree of effect Receptor value Degree of impact Mitigation 

Required? 
Groundwater levels/flow 
Long term impact 
on groundwater 
levels 

Groundwater in 
Taplow Gravel 

Low Medium Minor No 

Derogation of 
baseflow to 
watercourses 

Common 
watercourse and 
drainage ditches 

Negligible Medium Negligible No 

Surface Water Flow and Flooding 

Flooding due to 
increased runoff 
rates 

Receiving 
drainage ditches 

and downgradient 
receptors 

Negligible Medium Negligible No 
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5 SUMMARY AND RECOMMENDATIONS 

5.1 Summary 
In summary, ESI has reviewed the potential hydrogeological impacts of the proposed 
Wennington Quarry, which is approximately 25.3 ha in size. The conceptual model indicates 
groundwater presence in the Sand & Gravel which flows towards the south west and 
north west towards a drainage ditch and stream to the south and towards the Common 
Watercourse to the north. The London Clay forms the base of the aquifer below 4.5 to 7.5 m 
of Sand & Gravel (average 3 m saturated thickness). 

We have assessed potential impacts to nearby abstractions, surface water bodies, surface 
and groundwater quality, and nearby sensitive sites.  No risks to sensitive habitats were 
identified; surface water bodies and groundwater would be affected to a minor degree within 
a small area. 

Inflow to the workings from the entire open excavation with a face width of approximately 
1900 m was estimated as 280 m3/d (3.2 l/s), 1,250 m3/d (14.4 l/s) and 1,970 m3/d (22 l/s) 
based on the min, most likely and max values of hydraulic conductivity.  It is likely that the 
open face width is much less than this at any given time due to progressive restoration. In 
addition to this an average incident winter rainfall of approximately 5.8 l/s may require a 
combined abstraction rate of 9-28 l/s (best estimate 20 l/s).  

5.2 Recommendations 
A water management plan should be put in place prior to the commencement of quarrying. 
This document should contain details the monitoring to take place in order to ensure that 
impacts do not occur. 

Consultations are required with the owner of the adjacent pond to ensure the proposed 
operational discharge rate of potentially up to 20 l/s can be accommodated via this discharge 
route. 
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Site investigation interpretations 
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Site survey 
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Landfill details 

 



Active landfills

lic_nmbr status lic_name lic_site type_desc date_issue easting northing

WAS005 Modified Waste Recycling Group (Central) Ltd Aveley No2a Clay Pit A4 : Household, Commercial & Industrial Waste Landfill 24/04/1996 555490 180660

CLE008 Issued Veolia E S Cleanaway ( U K ) Ltd Rainham Landfill ( Phase 4 ) Ferry LaneA4 : Household, Commercial & Industrial Waste Landfill 03/06/1996 552100 182000

HAV003 Issued Havering Aggregates Ltd South Hall Farm A5 : Landfill taking Non-Biodegradeable Wastes 06/02/2002 553747 181986

WAS004 Modified Waste Recycling Group ( Central ) Ltd Aveley No2 Clay Pit A4 : Household, Commercial & Industrial Waste Landfill 29/01/1987 555490 180660

AYL001 Closure Aylett Gravel Ltd Rainham Quarry, Warwick Lane A5 : Landfill taking Non-Biodegradeable Wastes 25/07/1997 554700 182800

WAS006 Modified Waste Recycling Group ( Central ) Ltd Aveley No3 Cly Pit A4 : Household, Commercial & Industrial Waste Landfill 15/08/1997 555490 180660

CLE003 Modified Veolia E S Cleanaway ( U K ) Ltd Rainham Landfill A4 : Household, Commercial & Industrial Waste Landfill 03/07/1978 552550 179214

PAN002 Modified Panelmark Ltd Ayletts Farm Quarry, Rainham A4 : Household, Commercial & Industrial Waste Landfill 30/01/1978 554954 183501



Historical landfills

hld_ref site_name ea_wmlr wrc_ref site_ref lic_hold lic_issue firstinput lastinput inert industrial commercial household liqsludge gascontrol exempt licenced buff_point easting northing

EAHLD11438 Arnold's Field 0 5480/0035 8HV006   31/12/1965 31/12/1965 Yes   Yes      554100 182000

EAHLD11474 Aveley No.2 0 5480/0024 8HV051 Greenways Landfill  01/01/1987   Yes Yes Yes      555200 180800

EAHLD35675 Aveley No3 Cly Pit 80462   Aveley No3 Cly Pit 15/08/1997 1899-12-30         Yes  555490 180660

EAHLD10875 Clay Pit No.1 0 1500/0105 041/78, THU013, AP-780 ELWA 20/02/1978 31/12/1972 31/03/1987  Yes Yes Yes  Yes  Yes  555700 180400

EAHLD03141 Clay Pit No.3 0 1500/0518 372/97, THU087 ARC Limited       Yes      555800 181000

EAHLD11445 East of Dovers Corner 0 5480/0040 8HV017              552600 182800

EAHLD11433 East Side New Road 0 5480/0031 8HV002    31/12/1968    Yes      554800 180400

EAHLD11440 Land adjacent to Moor Hall 0 5480/0033 8HV004    31/12/1966    Yes      555700 181300

EAHLD11439 Moor Hall Farm 0 5480/0034 8HV005    31/12/1971 Yes  Yes       554600 181900

EAHLD00575 Moor Hall Farm 0 1500/0071 THU057   31/12/1968 31/12/1972   Yes Yes   Yes   555600 181600

EAHLD32399 Moor Hall LFS 0     01/04/1971    Yes       555700 181500

EAHLD35570 Rainham Landfill 80119   Cleanaway Ltd 03/03/1998    Yes Yes Yes    Yes  552407 178958

EAHLD11139 Rainham Marshes 0 5480/0036 8HV009              552500 180700

EAHLD10960 Sandy Lane 0  THU074              555000 180400

EAHLD00582 Sandy Lane 0 1500/0055 THU074       Yes Yes      555000 180200

EAHLD11448 Walkers Pit 0 5480/0007 DL063, 8HV021, HAV176 Pinch Group Limited 21/12/1979 31/12/1960 11/02/1991 Yes Yes Yes Yes Yes   Yes  555200 183500

EAHLD00600 Wennington 0 1500/0059 THU070       Yes Yes     Yes 555100 180700

EAHLD11434 West Side New Road A13 0 5480/0030 8HV001, HAV001 Greater London Council  31/12/1965 30/06/1985 Yes  Yes Yes      554700 180200

EAHLD11435 Willow Farm 0 5480/0032 8HV003    31/12/1971 Yes Yes        554600 181100

EAHLD11436 Willow Farm 0 5480/0032 8HV003    31/12/1971          554900 181400

EAHLD11437 Willow Farm 0 5480/0032 8HV003              554400 181500
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Groundwater monitoring data 
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REPORT SUMMARY 

The purpose of this report is to assess the nature and potential significance of any flood risks 
to land adjacent to the village of Wennington in Greater London (“the Site”) in accordance 
with NPPF (2012) in support of a Planning Application for mineral extraction and subsequent 
restoration of the Site. The report will also assess the potential for discharging groundwater 
and surface water through a sustainable water management scheme. The Site landform will 
change during the extraction phase with subsequent restoration to the existing contours. A 
surface water management plan will be required to control run-off from the Site. The 
drainage assessment findings, including the proposed sustainable water management 
scheme for the design storm event, are summarised as follows: 

Site details  

Site name: Wennington Site area: 25.3 ha 

Current use: Agricultural Land cover: Vegetated with crops 

Proposed use: Gravel pit Additional 
information: 

Inert fill material will be placed in the site once the 
quarry operation ceases to restore the topography 
to its previous condition 

Flood risk summary – subject to mitigation measures 

Historic Flooding 
 

The Site, and the area within 250 m, has never been flooded according to the 
Environment Agency records. 

River and coastal 
flooding  

 The Site lies partly within Environment Agency Flood Zone 3 and therefore the risk 
may be significant. However, the Site benefits from flood defences in the area. 

Flood defence 
 

The Site benefits from flood defences in the area. 

NaFRA risk rating 
for the Site 

 Insurance cover for flooding may be difficult to obtain but may be possible with 
appropriate flood mitigation measures in place. However, the Site benefits from 
flood defences in the area. 

Surface water 
flooding 

 Low risk. The ground within the Site boundary will be re-worked to create the 
quarry void. Surface water run-off will accumulate in the lower parts of the 
excavated area where no sensitive receptors (such as buildings) will be at risk. 

Groundwater 
flooding 

 There is a very high groundwater flood risk across some parts of the Site but the 
overall risk has been assessed as low. The planned dewatering will control 
groundwater levels within the operational quarry to permit dry working of the 
mineral. The restoration process will revert the risk of groundwater flooding back to 
the pre-development state. 

Geological flood 
indicators 

 The gravels beneath the Site are geological indicators of flooding within 250 m of 
the Site. However, the Site benefits from flood defences in the area. 

Reservoir failure 
flooding 

 The Site is not located within an area identified as being at risk of flooding in the 
event of a reservoir failure. 

Flood risk due to 
run-off from the 
development 

 The proposed development will increase run-off during the operation phase of the 
quarry and the quarry void will have adequate capacity to store all of the run-off 
from the Site. Off site discharge will be controlled by pumping during the 
operational phase. Once restored, an attenuation basin is recommended to store 
the additional run-off from the Site due to climate change. In both scenarios, the 
off site discharge rate will be controlled to avoid exceeding the original greenfield 
run-off rate from the Site. The closest property is c. 25 m south east from the Site. 
Providing the recommended sustainable water management measures are put in 
place the development will not increase the flood risk off site and is likely to lead to 
a general decrease in risk during the operational phase of the development due to 
the large storage capacity of the quarry void. 

Recommended 
Sustainable water 
management 
features 

 

Attenuation basin – 1,285 m3 

 

       High flood risk   Medium flood risk            Low flood risk 
A colour coding system based on professional judgement has been used to highlight potential risk. 
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1 INTRODUCTION 

1.1 Background 
Ingrebourne Valley Ltd (IVL) are submitting a planning application for the proposed 
extraction of Sand and Gravel deposits located to the south east of the town of Rainham, in 
Essex. The application area (the ‘Site’), as shown in Figure 1.1, covers approximately 
25.3 hectares and is currently in agricultural use.  It is proposed that the mineral will be 
worked dry with restoration of the land back to agricultural use, including infilling with inert 
material. 

It is a requirement of the Local Authority that the Planning Application be accompanied by a 
Flood Risk Assessment (FRA) as the area of the proposed development is greater than 
1 hectare. Environment Agency data also indicates that part of the Site is within the 
predicted extreme flood extent associated with rivers and the sea. 

1.2 Scope of work 
IVL instructed ESI Ltd. (ESI) in June 2013 to prepare the FRA and drainage strategy 
element of the Planning Application for the proposed Wennington Quarry. In addition, ESI 
have produced a hydrogeological impact assessment as a separate report. ESI is an 
independent consultancy which specialises in water management and environmental impact 
assessment.  

The objective of this report is to provide a flood risk assessment and drainage strategy for 
the development and restored phase of the proposed project. 

The scope of work included the preparation of the FRA, following the guidance of the 
National Planning Policy Framework (NPPF, 2012), to satisfy both the Environment Agency 
(2012) and the Local Authority that all potential flood risks to and from the proposed 
development have been considered. A site visit was undertaken on 18th July 2013. 

Site specific calculations have been performed to estimate surface water run-off generation 
during a modelled 1 in 100 year event which also accounts for the effect of climate change 
using the industry standard advice given in the National Planning Policy Framework 
(NPPF, 2012). Appropriate site specific flood risk mitigation measures have been included 
with recommendations for a strategy for managing and mitigating any flood risk posed to the 
Site. The drainage strategy assesses how the proposed development will interact with the 
existing drainage. The intention of the design is to focus water management within the site 
boundary of the proposed development rather than in the wider area where possible.  

1.3 Data sources 
The information presented in the report is predominantly based on secondary data analysis 
associated with both the Site itself and the surrounding land area. The main sources of data 
are summarised below: 

 Environment Agency data contained within a GroundSure FloodInsight report (2013) 
(presented in Appendix A); 

 Detailed plans for the Site current layout and development plans have been provided 
by IVL (Appendix B); 

 A site visit undertaken on July 18th 2013 (Photographs are shown in Appendix C); 

 Hydrogeological impact assessment report (ESI, 2013); 

 Ordnance Survey mapping; 

 Site-specific rainfall data from the CEH Flood Estimation Handbook (NERC, 2009); 

 British Geological Survey mapping; 
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 Soil types and permeability data from the National Soil Research Institute (NSRI, 
2013). 

1.4 Report limitations 
It is noted that the findings presented in this report are largely based on information supplied 
by third parties. Whilst we assume that all information is representative of past and present 
conditions we can offer no guarantee as to its validity. A proportionate programme of site 
investigations would be required to fully verify these findings. 

This report excludes consideration of potential hazards arising from any activities within the 
Site other than normal use and occupancy for the intended land uses. Hazards associated 
with any other activities have not been assessed and must be subject to a specific risk 
assessment by the parties responsible for those activities.  
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2 SITE DESCRIPTION 

2.1 Site setting and surrounding area 
The Site is located c. 2 km south east of the town of Rainham in Greater London and is 
centred on National Grid Reference 554136, 181251 (postal code: RM13 9DU).  Wennington 
village is located immediately to the south with Aveley located to the east. 

The area is largely rural with land close to the Site predominantly used for agriculture. A 
number of minor and major roads and a railway line also lie within the vicinity of the Site. The 
Site comprises approximately 25.3 hectares of land which is currently in arable use (see 
aerial photography in Figure 2.1 and photographs from the site visit in Appendix C). 

The Site is bounded by roads on all sides; the A1306 to the east, East Hall Lane to the north, 
the B1335 (Wennington Road) to the south and Church Lane to the west. Wennington Hall 
Farm is located adjacent to the south east corner of the Site (as shown on Figure 1.1). 

The topographic survey for the Site, conducted in May 2013 (Appendix B), indicates that the 
land slopes gently from a high of approximately 8 mAOD in the north to a low of c. 3 mAOD 
in the south east corner.  The majority of the site boundary is defined by raised ground in the 
form of banks of earth between c. 0.25 m and c. 1.0 m in height. 

The Common Watercourse lies in a shallow valley c. 280 m north west of the Site and flows 
from north east to south west with the stream bed being at c. 2-3 mAOD in this area. 

Sand and gravel extraction has been conducted in the vicinity of the Site for a number of 
years, particularly to the north east. There are a number of nearby old mineral workings 
which have been restored to small lakes or landfilled; and typically restored to woodland or 
agricultural. A golf course development is located immediately to the east. 

The majority of the topography within the site boundary will be re-worked as part of the 
scheme to extract the Sand and Gravel mineral. It is proposed to restore the land back to 
agricultural use, including infilling with inert material. 

The nearest residential properties are located <25 m from the southern site boundary on the 
opposite side of Wennington Road (B1335) and on Church Lane. Buildings associated with 
Wennington Hall Farm are located at a similar distance from the south eastern corner of the 
Site. East Hall Farm is located c. 200 m downslope to the west of the Site. For reference, 
these properties are also highlighted on Figure 1.1. 
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2.2 Geology 
The geological map (BGS, 1996) shows that the Taplow Gravel (River Terrace Deposits) is 
present beneath the Site above the London Clay (Figure 2.2).The London Clay has a low 
hydraulic conductivity that allows little infiltration, and provides good protection, to the 
underlying aquifers of the Lambeth Group, Thanet Sands and Chalk. 

River Terrace Deposits are the workable material at the Site and are described as gravels 
which are sandy and clayey in part (BGS, 1996). 

A thin line of alluvial deposits associated with the Common Watercourse is present to the 
north. More extensive Alluvium associated with the River Thames is present c. 1 km to the 
south west of the Site. Alluvium is a variable sedimentary deposit that includes clay, silt and 
sand.   

The predominant soil type above the underlying geology in the locality of the Site is loamy 
soil with naturally high groundwater (NSRI, 2013). 

2.3 Hydrology 
2.3.1 Rainfall 
The standard annual average rainfall estimate in the vicinity of Site is 550 mm based upon 
data for the period 1961-1990 (NERC, 2009). 

2.3.2 Surface water features 
Surface water features that may interact with the proposed development are discussed 
below and are shown in Figure 2.3. 

A spring is located towards the south east corner of the Site (No. 1 on Figure 2.3). A ditch at 
this location is c. 1.5 m deep and at the time of the site visit was observed to be wet but with 
water at a depth of c. <0.01 m with no visible flow. Surface water from here flows south 
towards a pond, just off site in the adjacent garden (No. 2 on Figure 2.3), before flowing 
through a culvert beneath Wennington Road. The stream continues southwards towards a 
dense network of drainage ditches associated with the Inner Thames Marshes Site of 
Special Scientific Interest (SSSI) area and ultimately carries surface water flow into the River 
Thames located c. 2 km south of the Site. 

Other drainage ditches are present close to East Hall Farm (No. 3 on Figure 2.3) which carry 
surface water flow towards the Common Watercourse. The Common Watercourse (No. 4 on 
Figure 2.3) flows from north east to the south west before flowing through the Rainham and 
Wennington Marshes, part of a SSSI, and discharging into the River Thames. 

2.3.3 Existing site surface water management 
There are existing earth banks around the Site as shown on Figure 2.3. Where they are 
present they prevent surface water from flowing across the site boundary. The earth bank to 
the east was observed to be the most pronounced during the site visit and was estimated to 
be c. 1 m in height. The earth banks to the north and west of the Site are c. 0.5 m in height 
and the bank along the southern boundary is relatively shallow at c. 0.25 m high. Formal 
water management features were observed in the form of shallow drainage ditches (usually 
c. 0.25 m deep) and were often positioned in front of the earth banks along the site 
boundary. These are also shown on Figure 2.3.  

Run-off within the Site is directed via these ditches towards the spring/stream and pond in 
the south eastern corner of the Site. The boundary earth banks and ditches and the general 
topography of the Site prevent any run-off from leaving the Site at any location other than via 
this route. 
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3 THE PROPOSED DEVELOPMENT 

3.1 Proposed development 
The detail of the proposed development is set out in the site plans in Appendix B. The 
proposed quarry covers approximately 25.3 ha and will be worked in phases with initial 
operations beginning in the north and subsequent development into the southern area of the 
Site.  The mineral will be dewatered and worked dry down to c. -2 mAOD. The level of 
extraction is expected to be range from c. c. -2 to +2 mAOD (Appendix B) with the thickness 
of Sand & Gravel typically ranging from c. 4.5 to 7.5 m. The average depth of working below 
the water table is estimated as 3 m (ESI, 2013).  

Dewatering will be required to facilitate mineral working and a groundwater inflow of 14.4 l/s 
is predicted (ESI, 2013). Discharge from the quarry void will be controlled by the pump 
operation, with no direct gravity discharge proposed. It is proposed that any discharge will 
take place under the terms of a discharge activity environmental permit which will be 
obtained from the Environment Agency before dewatering commences. The proposed 
discharge will take place via the existing drainage ditch at the southern end of the Site 
(Figure 2.3).  

Areas of hard standing being proposed within the Site include an office, weighbridge and 
ancillary buildings, as well as an access road into the Site. The plant and operations area 
and silt and water management area are shown in plan reference 1308/W/1 and 1308/W/2 in 
Appendix B and on Figure 3.1. 

Prior to initial extraction, topsoils and subsoils will be stripped and stored in a series of 
environmental bunds as indicated on Figure 3.1 The bunds will be located outside of the 
predicted flood plain, assuming flood defences are not breached. 

Mineral will be extracted according to the phasing plan presented in Figure 3.1 with the 
steep sided quarry voids subsequently restored with inert fill. The overall permeability of the 
Site will reduce due to the removal of the permeable gravels and the exposure of the 
impermeable London Clay bedrock during the operation phase of the quarry. Subsequent 
restoration will utilise inert material of potentially lower permeability than the extracted 
mineral. The final restoration will utilise the topsoils previously stripped and stored.  

The sustainable water management features being proposed later in this report will be 
designed to attenuate the increase in surface water run-off due to the reduced permeability 
of the ground surface across the entire Site and the increase in slope across the perimeter of 
the Site; and will also account for the impact of climate change. The drainage strategy for the 
Site will aim to attenuate run-off prior to discharging to the adjacent drainage ditches and 
water features. 

3.2 Proposed restoration 
It is understood that the restoration scheme includes provision for imported inert fill in 
addition to in-situ waste material with final restoration back to original ground level. Land use 
post restoration is likely to return to agricultural use.  
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4 FLOOD RISK ASSESSMENT 

4.1 Exception and sequential tests 
The Sequential Test (NPPF,2012b) identifies that development should be directed to areas 
at the lowest probability of flooding. The Site is classified by the Environment Agency as 
being located partly within Flood Zone 3. Under the Sequential Test, the Site is considered 
suitable for less vulnerable and water compatible land uses which includes sand and gravel 
mineral extraction; consequently an exception test is not required and the proposed 
development is considered to be appropriate for this location (Table 4.1). 

Table 4.1  Flood risk vulnerability and flood zone compatibility 
Flood risk 

vulnerability 
classification 

Essential 
infrastructure 

Water 
compatible 

Highly 
vulnerable 

More 
vulnerable 

Less 
vulnerable 

Fl
oo

d 
zo

ne
 

Zone 1 ✓ ✓ ✓ ✓ ✓ 

Zone 2 ✓ ✓ 
Exception 

Test required ✓ ✓ 

Zone 3a Exception Test 
required ✓ x Exception 

Test required ✓ 

Zone 3b 
functional 
floodplain 

Exception Test 
required 

✓ 
 

x x x 

✓Development is appropriate. 
x  Development should not be permitted.  
Data source: National Planning Policy Framework (NPPF) Technical Guidance, 2012. 
 
4.2 Risk assessment approach 
An assessment of flood risk has been undertaken in accordance with the NPPF (2012a) and 
following the guidance available in Environment Agency (2012b). Flood risk to and from the 
Site has been assessed and potential mitigation measures have been outlined.  

4.3 Flood risk to the proposed development 
4.3.1 Flooding history 
The Havering Multi Agency Flood Plan (2012) indicates that the nearest historical records of 
flooding relates to flooding from the sea during the North Sea flood event of February 1953. 
This historic flood event caused ingress of water up the River Thames which caused 
widespread flooding of the Wennington Marshes with the full extent of the recorded flood 
outline reaching the southernmost properties in Wennington Village approximately 100 m 
from the southern boundary of the Site. 

The 1953 historic flooding event does not appear within the 250 m search radius of the 
Environment Agency historic flood records (GroundSure, 2013) and there are no previous 
records of flooding occurring inside the site boundary itself. 

IVL also have no records associated with historic flooding at the Site via any of the various 
flow pathways: fluvial, pluvial, groundwater or flooding due to reservoir failure.  

4.3.2 River and coastal flooding 
The Environment Agency river (fluvial) and coastal flood map (Figure 4.1) illustrates that a 
small area (approximately 32 %) of the Site lies within Flood Zone 3 (GroundSure, 2013). 
The National Planning Policy Framework (NPPF, 2012) states Flood Zone 3 has a high 
probability of flooding as it comprises land with a greater than 1 in 100 annual probability of 
river or sea flooding (>0.1%). It is specifically the lowest part of the Site, towards the south 
west corner that has been highlighted as being at risk of fluvial or sea flooding. The location 
has also been assigned a ‘significant’ risk of flooding on site according to the National Flood 
Risk Assessment (NaFRA 2008) Flood Rating (River and Coastal) (GroundSure, 2013). It is 
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noted however, that Environment Agency mapping (GroundSure, 2013) indicates that the 
location benefits from flood defences which are designed to defend the Site and surrounding 
area against flooding during the 1 in 1000 annual probability event represented by the extent 
of Flood Zone 2. If such a flood event occurs however, and the defences fail or are 
overtopped, at least part of the proposed quarry is at risk of flooding. 

Although there are nearby areas designated as Flood Zone 2 and Flood Zone 3 associated 
with the closest watercourse, the Common Watercourse, c. 280 m to the north west of the 
Site, it is noted that the extent of the flood zones that occur within the site boundary are 
actually associated with the River Thames. The River Thames is located c. 2 km from the 
Site but the floodplain is wide given that it is proportional to the amount of water flow it 
carries and the topography of the floodplain. 

Based on an estimation from the current Site topography (Appendix B), the elevations of the 
flood zone outlines within the site boundary are c. 4.8 mAOD and c 5.5 mAOD for Flood 
Zone 3 and Flood Zone 2 respectively.  

The National Flood Risk Assessment (NaFRA 2008) Flood Rating of ‘significant’ risk 
indicates that obtaining insurance cover for flooding at the Site may not be possible but since 
only a small part of the Site falls into this category (c. <10%) it may be possible to mitigate 
against the risk of flooding here to increase the likelihood of insurance cover for flooding 
being available, although the premium may be higher. There are also no designated flood 
storage areas, where water has to flow or be stored in times of flood, within 250 m of the 
Site. 
4.3.3 Surface water (pluvial) flooding 
Surface water (pluvial) flooding is usually associated with extreme rainfall events but may 
also occur when rain falls on land that is already saturated or has a low permeability. Rainfall 
that is unable to infiltrate into the ground generates overland flow which can lead to flooding 
or ‘ponding’ in localised topographical depressions before the run-off is able to enter the 
drainage system or watercourse. 

The Site is potentially vulnerable to surface water (pluvial) flooding as there are areas at 
significant risk of pluvial flooding within 50m of the Site identified in the JBA surface water 
model (GroundSure Report, 2013).  

Figure 4.2 shows the areas that would be expected to be affected by surface water flooding 
during a 1 in 75 year rainfall event to a depth of greater than 0.1m. The map shows how the 
Site is mostly unaffected. There are a number of small areas (c. 10% of the total) scattered 
throughout the Site where a significant risk of surface water flooding during such a rainfall 
event has been highlighted. The pluvial flooding here will most likely correspond with 
depressions in the existing land surface.  

The landform will be completely reworked during the operational phase of the quarry and the 
locations of areas at significant risk of pluvial flooding are likely to change. Assuming free 
movement of surface water run-off over the different operational face areas, surface water is 
likely to flood the phase area with the lowest ground elevation at any one time. When this 
situation arises, run-off will be concentrated to locations where no sensitive receptors (such 
as buildings) are present. Further discussion of the drainage scheme is provided in Section 6 
of the report. Overall, the pluvial flood risk across the Site as a whole at any one time should 
continue to be negligible. 

Following restoration of the quarry, with the ground levels returning to that of the pre-
developed Site, the pluvial flood risk should be similar to the pre-developed Site. 

4.3.4 Groundwater flooding 
Groundwater flooding occurs when the water table rises above the ground surface or into 
man-made ground. According to the BGS, there is a ‘very high susceptibility’ to groundwater 
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flooding at the Site (GroundSure, 2013) as shown in Figure 4.3. The BGS confidence rating 
in the accuracy of this map is also high. 

The presence of the permeable Taplow Gravel at the Site corresponds to the areas most 
susceptible to groundwater flooding according to the BGS groundwater flooding map. 

Much of the original permeable superficial deposits will be removed during the operational 
mineral extraction phases at the proposed quarry and dewatering will be required to remove 
the water that collects in the quarry sump to permit the dry working of the mineral. IVL have 
supplied groundwater level readings for boreholes along the northern boundary of the Site. 
The recorded groundwater levels ranged from 2 mAOD at EHF 7, in the north western 
corner of the Site, and 3 mAOD c. 150 m west of the north eastern corner. Further details of 
the required dewatering are discussed in the hydrological impact assessment report 
(ESI, 2013). 

Whilst the groundwater levels are being managed by the dewatering process, the risk of 
groundwater flooding will decrease to a low risk since the water levels will be monitored with 
actions in place to avoid the water table rising above the excavated ground surface. 

Once the quarrying operations cease, the subsequent infilling and restoration of the Site will 
raise ground levels similar to original levels. The dewatering will end once the quarry 
operations cease and the groundwater levels will recover similar to pre-development levels. 
Assuming that the restoration materials are less permeable than the Sand & Gravel 
extracted, groundwater levels may be expected to increase upstream of the restored Site. 
Minor changes to upstream groundwater levels are not expected to be of any consequence, 
particularly given the presence of waste material up-gradient of the Site at Moor Hall farm 
due to filling of previous workings. 
4.3.5 Geological indicators of past flooding 
There are geological indicators of flooding within 250 m of the Site which are associated with 
the River Terrace Gravel superficial deposits present beneath the Site. These deposits 
indicate that inland flooding has occurred here in the last 10,000 years (GroundSure, 2013). 

4.3.6 Flooding in the event of reservoir failure 
The Site is not in an area identified as being at potential risk of flooding in the event of 
reservoir failure (GroundSure, 2013). 

4.4 Off site flood risk  
The closest residential properties to the Site are highlighted in Figure 1.1 and listed in the 
table below. 

Table 4.2  Properties close to the proposed Wennington Quarry Site 
Location Distance from Site (km) Note 

Wennington Hall 
Farm 

0.02 SE Potential flood risk from the Site since it 
is adjacent to the lowest ground within 
the Site. 

Houses in 
Wennington 
village and on 
Church Lane 

0.03 S/SW Houses estimated to be c. 2 mAOD and 
are in Flood Zone 3. 

East Hall Farm 0.2 W The buildings here are not in the 
direction that surface water from the Site 
would drain towards. 

 

The proposed development will take place partly within the fluvial flood plain and the creation 
of the quarry void will create more storage for flood water in the event of fluvial flooding 
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occurring. The development will not give rise to an increase in groundwater levels; the 
dewatering required to extract the mineral under dry conditions will lower the water table in 
the vicinity of the development. Taking these considerations into account, the proposed 
development should not increase flood risk off site.  

The following section sets out the proposed surface water drainage strategy which will 
manage flood risk both on and off site. 
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5 SURFACE WATER MANAGEMENT AND IMPACTS OF THE 

PROPOSED DEVELOPMENT 

5.1 Climate change 
Projections of future climate change in the UK indicate more frequent, short-duration, high-
intensity rainfall and more frequent periods of long duration rainfall. Guidance included within 
the National Planning Practice Guidance (DGLG, 2016) recommends that the effects of 
climate change are incorporated into FRAs. Table 5.1 details the peak rainfall intensity 
climate allowance. Under the Environment Agency’s current guidance on climate change 
allowances for flood risk assessments (EA 2016), it is recommended that only the central 
band climate change allowances need be applied to water compatible developments – into 
which category sand and gravel extraction sites (i.e. this site) fall.  The recommended 
national precautionary sensitivity range for peak rainfall intensity for the Site is +5% (2015–
2039), increasing to +20% (2070–2115). 

Table 5.1  Peak rainfall climate change allowance 
Allowance 2015 to 2039 2040 to 2069 2070 to 2115 

Upper end 10% 20% 40% 

Central 5% 10% 20% 
 

Future climate change has been accounted for in run-off calculations with a conservative 
increase of +20% applied to the rainfall in accordance with the Environment Agency’s 
current guidance on climate change allowances (EA 2016).  Details of all the calculations 
can be found in Appendix D.  

According to NERC (2009) the depth of rainfall would be 72.5 mm for the 6 hour duration 1 
in 100-year event. To allow for climate change this value has been increased by 20% to 
87 mm. 

5.2 Flood risk during the construction phase of the development 
Flood risk during construction is likely to differ slightly from the long term condition, as works 
involve progressive removal of vegetation and exposure of bare ground with either gravel or 
the underlying London Clay at the surface and both may lead to an increase in run-off. It is 
anticipated that during the quarrying operations, run-off from the Site will accumulate within 
the lowest section of the quarry void as it is being excavated. This will act as a temporary 
attenuation feature and this additional volume of surface water run-off is likely to be pumped 
off site via the dewatering discharge process.  

It is recommended that the initial phase of mineral extraction occurs at the south eastern 
(downstream) side of the Site to create an attenuation and settlement basin for run-off from 
the Site with discharge to ground. It is also recommended that direct surface water gravity 
drainage to the adjacent ditch is avoided during the extraction phases and the removal of 
any standing water is undertaken via controlled pumping outside of flood conditions. The 
maximum pumping rate is estimated to be c. 1,748 m3/d (20.2 l/s); equal to the predicted 
dewatering rate of 1,250 m3/d (14.4 l/s) plus the run-off from the wettest winter month (mean 
November rainfall of 59 mm (MAFF, 1976) multiplied by total site area) of 498 m3/d (5.8 l/s). 

The access road and buildings in the plant and operations area create impermeable 
surfaces that will increase the run-off generated during a rainfall event. These features are 
relatively small (buildings 75 m2, access road 720 m2) and are located higher in the 
catchment and towards the eastern edge of the Site. It is likely that the risk of any additional 
run-off produced here entering a watercourse is low as it would be likely to be intercepted by 
the surrounding land. However as a mitigation measure it is recommended that 6.5 m3 of 
attenuation storage are provided in the vicinity of the buildings and 62.8 m3 of attenuation 
storage for the haul road (assuming 100% run-off from the 6 hour duration 1 in 100 year 
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storm event +cc at 20%). Works will take place in accordance with standard best practice to 
prevent impact on water quality associated with any significant rainfall event. 

5.3 Flood risk due to the final development 
It is necessary to ensure that the proposed development does not lead to an increase in 
flood risk to receptors off site. The operation of the quarry will result in a new modified sub-
catchment that drains towards the lowest ground level created during the mineral extraction 
while the remainder of the original unmodified land awaiting quarrying (such as the locations 
of quarry phases 6, 7 and 8 in plan number 1308/W/2 in Appendix B) may continue to drain 
off site via the ditch and pond adjacent to Wennington Hall Farm. The final landform of the 
restored Site will be the same as the pre-developed Site and the off site drainage into the 
pond adjacent to Wennington Hall Farm will continue as before with the exception that the 
run-off will flow through an additional attenuation feature. This will compensate for the 
increase in run-off from the Site due to climate change. 

Using rainfall data from the Flood Estimation Handbook (FEH) CD-ROM (NERC ,2009), the 
potential surface water run-off generated from both the undeveloped Site, the Site during 
quarry operation and the restored Site during a 6 hour 1 in 100 year return period rainfall 
event plus climate change has been calculated. The calculation method used was the 
Rational Formula in the form Q=2.78CiA (National Coal Board, 1982). The Rational Formula 
assumes the flow (Q) is a function of the permeability and slope of the land surface (C), the 
rainfall intensity (i) and the area of the land (A). Further details are provided in Appendix D. 

5.3.1 Ground conditions 
Based on information provided by the client, the 25.3 hectare Site will be quarried in phases 
with some areas used for subsoil storage, environmental bunds and plant and operations. 
Overall slope gradients will increase generating additional run-off during the operational 
phase.  

Soil conditions at the current undeveloped Site, taken from the Soilscapes national soil map, 
indicate loamy soils with naturally high groundwater (NSRI, 2013). To calculate run-off for a 
conservative worst case scenario it is assumed that during the operational phase of the 
proposed quarry, locations currently being worked for mineral are influenced by exposed 
London Clay at the base which is relatively impermeable. The environmental bunds and the 
areas designated for subsoil storage will have similar permeability to the undeveloped Site 
since these are created from the overburden removed from the original ground prior to 
mineral extraction. The plant and operations area is likely to be bare and compacted ground 
that will not be as permeable as the original ground surface of the Site. Areas yet to be 
worked for mineral and those where the ground surface has been restored following 
extraction will have similar permeability and slope gradient characteristics as the 
undeveloped Site since the ground surface is being restored using the original soil placed 
above imported inert material, to reinstate the topography of the original undeveloped Site. 

The undeveloped Site has a shallow average gradient of c. 1%. Ground cover has been 
assumed to be cultivated land/short grass.  

The developed Site, during quarrying operations will increase the average gradient to c. 3%. 
Run-off coefficients are shown later in Table 5.2. 

5.3.2 Catchments and overland flow paths 
There are significant topographic features that concentrate run-off within the existing Site. In 
its current state, the Site has been considered as a single surface water catchment that 
drains towards the south eastern corner of the Site through the ditch immediately west of 
Wennington Hall Farm. Due to the local topography and the raised earth banks around the 
Site, run-off from off site locations onto the Site is unlikely to occur and the overland flow 
routes within the existing Site are presented in Figure 4.4. The proposed drainage design 
during the quarry operations will assume surface water run-off will concentrate in the lowest 
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excavated ground within the Site boundary. Upon restoration, the final contours will maintain 
the original directions of flow and the receiving drainage ditch as shown in Figure 4.4. 

For the purposes of this assessment it has been considered necessary to divide the 
operational quarry Site into the areas of different ground cover types, which are at a scale 
suitable for assessing the run-off regime. The assessment of the proposed topography for 
the Site has been based upon the scale plan drawings provided by the client (Appendix B) 
and information from the Site visit on 18 July 2013.  

The pre, operating and post development surface water catchment characteristics are 
summarised in Table 5.2. When the Site is restored back to farmland, changes in run-off will 
not be attributable to the development and the only predicted increase in run-off will be due 
completely to the influence of climate change. 

Table 5.2 Catchment characteristics 
Pre-Development 

Area description Farmland 

Land cover Greenfield agricultural crops underlain by sandy loam 

Size (ha) 25.3 

Average slope 
gradient 1% 

Run-off coefficient: 0.35 

Operational-Development 

Area description 
Plant and 
operations 

area 

Access road 
buildings, and 

lagoons 

Area for subsoil 
storage and 

environmental 
bunds 

Areas 
awaiting 

extraction or 
areas already 
worked and 

restored 

Active quarrying 
area  

Land cover 
Assumed 

bare 
compacted 

earth 

Hard-standing 
Bare, 

unconsolidated 
sandy loam 

Cultivated 
and underlain 

by sandy 
loam 

Assumed as bare 
London Clay base 

with the steep 
quarry faces 

increasing the 
overall gradient. 

Size (ha) 4.0 0.4 4.7 7.4 8.8 

Average slope 
gradient 1% 1% 20% 1% 3% 

Run-off coefficient: 0.47 1.00 0.58 0.35 0.9 

Post-Development 

Area description Restored farmland 

Land cover Greenfield agricultural crops underlain by sandy loam 

Size (ha) 25.3 

Average slope 
gradient 1% 

Run-off coefficient: 0.35 
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5.3.3 Predicted run-off 
To estimate the run-off rate from the current Site a 1 in 100-year frequency, 6 hour storm 
event (which is the recommended duration for small catchments in Defra/Environment 
Agency (2012)) has been used. NERC (2009) indicates the depth of rainfall would be 
72.5 mm rainfall over the 6 hour duration. To allow for climate change this value has been 
increased by 20% to 87.0mm. Using the Rational Formula the pre development run-off 
(without CC) has been calculated and is presented in Table 5.3.  

Table 5.3  Predicted run-off from the existing pre-developed site 
Design rainfall event: 

 6 hour 1 in 100 year design storm event (without CC) 
Estimated rainfall (NERC, 2009): 72.5 mm 

Area description Whole undeveloped site 

Peak flow (l/s) 297 

Run-off volume 
generated (m3) 6,426 

 
5.3.4 Impact of the proposed development 
Using the Rational Method for the design 6 hour 1 in 100 year plus climate change storm 
event, the run off for the sub-divided areas of the Site have been calculated for the 
operational and post development scenarios as indicated in Table 5.4 below. The increase in 
run-off above the original pre-development volume will be attenuated on Site during the 
operational phase of the development and once restoration of the Site is complete.  

Table 5.4  Predicted run-off from the operational and restored site 
Design rainfall event: 

 6 hour 1 in 100 year design storm event (with CC at 30%) 
Estimated rainfall (NERC, 2009): 94.3 mm 

Area 
description 

Plant and 
operations 

area 

Access 
road, 

buildings 
and lagoons 

Area for subsoil 
storage and 

environmental 
bunds 

Areas awaiting 
extraction OR 
areas already 
worked and 

restored 

Active 
phase 

Entire 
operational 

site 

Entire 
restored 

site 

Peak flow 
(l/s) 

76 16 110 104 319 626 357 

Run-off 
volume 

generated 
(m3) 

1,637 348 2,374 2,255 6897 13,512 7,711 

Required 
attenuation 
capacity* 

(m3) 

621 247 1,180 376 4,662 7,086 1,285 

*Values assigned on a pro-rata basis based on the size of the different areas as a proportion of the entire site area. 

5.3.5 Water quality 
The majority of the area will be grass covered on final completion. However during the 
operational phase of the quarry, erosion is anticipated and there is significant potential for 
high suspended solids. Risk of hydrocarbon spillage associated with vehicular access is also 
likely to increase. Suitable water quality control and attenuation measures will be provided 
for the quarry within a proposed sustainable water management scheme.  
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5.4 Impact summary 
The majority of the proposed quarry development lies within Flood Zone 1 as designated by 
the Environment Agency, though part of the Site towards the south is within a Flood Zone 3 
designated area. However, this area is protected from a 1 in 1000 year fluvial flood event by 
flood defences and is therefore only at risk of fluvial flooding should these defences breach. 
In the unlikely event that the flood defences fail, some sections of the 3 m high 
environmental bunds are within the modelled flood extent and could restrict flood flow and 
storage during the operational phase. However, the majority of the development is below the 
existing ground surface and the creation of a quarry void will increase the net flood storage 
capacity of the land. 

The proposed drainage scheme will not discharge to the groundwater system and will 
therefore not increase the likelihood of groundwater flooding off site. Dewatering of the Site 
will take place to allow dry working of the mineral at depths below the current groundwater 
table. Therefore the risk of groundwater flooding off site during the operational phase will 
reduce. 

Subject to the installation of a sustainable water management scheme, the proposed 
development is not considered to increase the flood risk to off site receptors. During the 
extractive phases the capacity of the Site to store surface water run-off will increase due to 
the large amount of freeboard created within the quarry void. 
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6 PROPOSED MITIGATION 

6.1 Sustainable water management 
6.1.1 Overview 
A sustainable water management scheme is recommended to deal with the additional 
surface water run-off generated from the Site.  Implementation of an appropriate scheme will 
mitigate against the impact of the predicted increased amounts of surface water run-off 
produced by the extraction of mineral deposits from the Site, so that the downstream flood 
risk will not increase as a consequence. 

6.1.2 Water quality - surface water infiltration quality 
Sustainable water management techniques can be used by way of a treatment train process 
to effectively manage the quality of surface water flowing across a site. Different methods 
can be used to intercept pollutants and allow them to degrade or be stored in situ without 
impacting the quality of water further downstream. 

According to the Environment Agency the Site is not within a groundwater source protection 
zone. The restoration of the Site will be undertaken with in situ overburden material plus 
imported inert fill which will comply with the relevant waste acceptance criteria. Discharge 
from the Site will be via the existing drainage ditches and infiltration to the ground is not 
proposed due to the low permeability of the underlying London Clay and potentially the inert 
fill. The proposed restoration back to agricultural farmland will return the Site to existing 
condition and issues with the water quality of infiltration are not anticipated. 

Standard best practice will be used to manage the risk of hydrocarbon spills and suspended 
solids during the operational phase. Discharge from the Site will be managed under the 
terms of an environmental permit. 

6.1.3 Percolation testing 
It is assumed that the primary function of the sustainable water management scheme across 
the Site shall be to intercept, store and permit controlled discharge off site of the additional 
run-off generated as a consequence of the development. Infiltration into the ground is not 
proposed as per the previous discussion on water quality. In this instance, it is considered 
unnecessary to conduct percolation tests. 

6.1.4 Sustainable water management scheme design 
A summary of the required attenuation is presented in Table 6.1 and discussed in detail 
below. 

 
 Table 6.1 Surface water attenuation capacity and controlled outflow rates 

Development phase 
Required 
attenuation 
capacity 

Attenuation storage dimensions suitable to 
manage run-off produced during a 6 hour 1 
in 100 year + climate change event 
(Area x average freeboard) 

Pre-development 
run-off rate for 
the catchment 
outflow control 

Quarry during operation 13,512 m3 
14,400 m2 (assuming the worst case scenario 
where water collects in the smallest quarry 
phase area) x 0.94 m 

0 l/s, Controlled by 
pumping 

Quarry after restoration 1,285 m3 3,856 m2 x 0.33 m 297 l/s 
 

Operational phase 

A simple sustainable water management scheme that allows the temporary storage of all 
surface water run-off within the operational quarry is proposed. This can be achieved by 
allowing the quarry void to collect the run-off and assuming the worst case scenario of all the 
run-off collecting in the smallest quarry phase area (phase 5 in Appendix B). A freeboard of 
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0.94 m would be required to attenuate the 13,512m3 total run-off from the operational Site if 
all of the run-off flows towards the smallest phase area (based on the run-off calculations in 
Appendix D). 

Subsequent discharge from the quarry void would be controlled by pumping under the terms 
of discharge consent, with no direct gravity discharge. As an additional attenuation and 
water treatment measure it is proposed to discharge to an attenuation basin prior to 
discharge off site. The basin will be part of the attenuation strategy for the final restored 
scheme created at an early stage during the operational life of the quarry. 

The drainage ditch at the proposed outfall from the Site is considered likely to be capable of 
handling run-off from the current Site at least equal to the 1 in 1 year event, equal to 44 l/s 
for the 6 hour event. The proposed operational pumped discharge rate is significantly less 
than this and the ditch is considered to have adequate capacity to accept the anticipated 
maximum discharge rate of c. 20 l/s without a significant risk to downstream receptors. 

Restored phase 

The restored quarry site will have similar ground conditions to the pre-developed Site and 
therefore only the additional run-off due to the predicted impact of climate change needs to 
be managed. In this scenario, surface water attenuation of 1,285 m3 is required with a flow 
control device to discharge at the predevelopment rate of 297 l/s for a 1 in 100 year 6 hour 
storm event and a suitable freeboard to accommodate temporary water level rise above the 
outlet.  

Based on the ground contours an attenuation basin located along the southern boundary of 
the Site is considered appropriate prior to discharge to the exiting drainage ditch which 
subsequently flows off site into the pond within the adjacent garden. Adjacent ground levels 
fall to approximately 3 mAOD. Invert levels in the adjacent ditch range from 2.2 mAOD to 
1.95 mAOD. A potential outlet level of c. 2.3 mAOD is considered achievable, linking into the 
drainage ditch adjacent to Wennington Hall Farm. Any run-off in excess of the pre-
development rate will be temporarily stored prior to discharge at the predevelopment rate. 
The location of the proposed attenuation basin is shown in Figure 3.1. The base of the 
mineral in this area is approximately 0.25 mAOD and it is likely that the attenuation basin will 
be in continuity with the groundwater. Estimated groundwater levels in this area are 
c. 2 mAOD (ESI, 2013). The available freeboard for attenuation of 1 m has been calculated 
based on minimum ground surface (3 mAOD). Permanent standing water will occur below 
the average groundwater level and may provide the opportunity for wildlife enhancement. 
Additional attenuation capacity will be provided by some discharge to any remaining in situ 
gravel material.  

Discussions with the owner of the existing pond at Wennington Hall Farm will be required to 
confirm that discharge through the pond is acceptable during the operational phase and 
subsequent restoration. It is noted that discharge via this route already occurs under the 
existing conditions including agricultural run-off, and additional attenuation will be provided 
by the new basin. Alternative methods of routing around the pond may also be considered. 
The discharge from the restored Site, via the proposed attenuation basin, can be controlled 
using vortex control devices or similar. The time taken for the storage capacity of the 
proposed attenuation basin to half empty is approximately 36 minutes following the 6 hour 1 
in 100 year plus climate change storm event. If required, a staged approach can be taken to 
the basin discharge to attenuate the more frequent return period events, with appropriately 
sized outfalls at different levels. 

6.1.5 Amenity and biodiversity benefits 
SuDS schemes present opportunity to enhance habitat for wildlife onsite and this often 
improves the biodiversity of the vicinity. Ponds, constructed wetlands and other surface 
water features are landscape assets that have amenity value and improve the aesthetics of 
a site more than conventional drainage systems. The design of SuDS requires attention to 
the schemes interaction with the local environment and residents. Criteria to be considered 
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include health and safety; visual impacts; and amenity benefit. Additional guidance on these 
aspects of design is available from CIRIA (2007).  

Ecological diversity should be maximised through consideration of native planting, location 
near existing natural habitats, enhancing natural drainage systems, creating a range of 
habitat types, inclusion of shallow water habitat and extensive marginal wetland areas and 
implementation of an appropriate maintenance and management plan. 

6.1.6 Maintenance and impact of failure 
Once the Site is restored, the final attenuation basin should be inspected and cleaned 
regularly to ensure that the optimum capacity is maintained. As the sustainable water 
management scheme is likely to be privately owned, the developer should make clear the 
responsibility of the site operator to maintain the drainage system and an appropriate 
maintenance plan should be implemented. 

The Site is considered unlikely to be affected by a blockage or obstruction in the adjacent 
water courses due to the relative difference in elevation. The water management of the 
restored quarry Site through a sustainable water management scheme aims to connect with 
the existing drainage route towards the south east of the Site (Figure 4.4). 

The proposed sustainable water management train is passive in nature and has adequate 
storage in place for the design storm event. Regular maintenance of the flow limiting devices 
will ensure that failure is unlikely. Overflow from the attenuation basin will discharge to the 
existing drainage ditch which is the current condition at the Site. Failure of the proposed 
sustainable water management measures is considered extremely unlikely to result in any 
significant increase in flood risk to the proposed development or adjacent receptors. 
. 
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7 CONCLUSIONS 

As the Site is classified by the Environment Agency as being located in Flood Zone 3, under 
the Sequential Test, the proposed development is considered appropriate for this location 
since sand and gravel mineral extraction is considered to be a water compatible land use. In 
accordance with NPPF, all the possible sources of flooding have been considered.  The 
flood risk to the Site is considered to be low based upon site specific information. 

No historical flooding has been recorded on-site. The risk of flooding from rivers or the sea 
has been assessed as being 1% annually by the Environment Agency for part of the Site 
and is therefore deemed significant. However, the Site also benefits from flood defences that 
protect the area from up to a 1 in 1000 year flood event. There is therefore only a risk of 
fluvial flooding on the Site in the unlikely event of a breach in the flood defences. In the event 
of failure of the flood defences the quarries environmental bunds may restrict flood flow and 
storage but the overall flood capacity of the area will increase since the development creates 
a void, below the original ground surface. 

There is a very high groundwater flood risk across some parts of the Site but the overall risk 
has been assessed as low as dewatering processes will maintain a water table lower than 
the excavated ground surface during the operational phase of the quarry. Once quarrying 
ceases and the Site is restored, inert fill will be placed within the quarry void and the 
topography of the Site will be the raised to be the same as the predevelopment condition.  
Assuming that the restoration materials are less permeable than the Sand & Gravel 
extracted, groundwater levels may be expected to increase upstream of the restored Site. 
Minor changes to upstream groundwater levels are not expected to be of any consequence.   

The main drainage features in the vicinity of the Site are the drainage ditch and the existing 
pond immediately west of the Wennington Hall Farm property towards the south east of the 
Site. According to the topographic survey and the findings of the site visit, these features are 
the receiving drainage features of all the surface water run-off from the current, undeveloped 
Site. 

In the short term, run-off within the Site boundary will increase due to the development of the 
Site into a gravel quarry pit to expose relatively low permeability London Clay at the quarry 
base. In the long term, once the ground surface is restored back to the existing contours, a 
proposed attenuation basin will offset the impact of climate change resulting in less run-off 
leaving the Site in the future than would under the current condition. 

The design storm event indicates a total rainfall of 87.0 mm for the 6 hour 1 in 100 year 
event including a 20% allowance for climate change. An estimated total run-off volume of 
6,426 m3 (297 l/s) would be generated predevelopment increasing to 13,512 m3 (626 l/s) 
during the operational phase of the quarry and including an allowance for climate change. 
Total run-off from the restored Site is estimated as 7,711 m3 (357 l/s) which is effectively the 
run-off from the undeveloped Site plus the allowance for climate change. 

During the operational phase of the quarry, run-off would accumulate within whichever area 
has the lowest excavated ground level. In the worst case scenario, where run-off collects in 
the smallest planned quarry phase area (14,400 m2) the average depth of the run-off in 
storage would be 0.94 m, well below the quarry edge, following the 1 in 100 year + CC storm 
event. In this scenario the rate of water outflow would be controlled by pumping as part of 
the quarry water management system. 

Discharge from the quarry void will be controlled by pumping under the terms of an 
environmental permit (discharge consent) with no direct gravity discharge. The proposed 
operational pumped discharge rate, including dewatering requirements, is c. 20 l/s and the 
receiving water course is considered to have adequate capacity to accept this without a 
significant risk to downstream receptors. 
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As an additional attenuation and water treatment measure it is proposed to discharge to an 
attenuation basin prior to discharge off site. The basin will be part of the attenuation strategy 
for the final restored scheme created at an early stage during the operational life of the 
quarry. Outflow from the restored Site would be controlled to predevelopment rates requiring 
an attenuation storage capacity of 1,285 m3 within the attenuation basin. 

Discharge during the operational and restored phases of the quarry would be via the new 
attenuation basin and off site into the existing drainage ditch and pond feature in the 
adjacent Wennington Hall Farm Site. Discussions with the pond owner will be required to 
make sure that this is acceptable. 

The closest receptors to the Site are the buildings associated with Wennington Hall Farm 
20 m south east of the Site and the residential properties located c. 30 m to the 
south/south west. Discharge from the Site to the surrounding drainage network will be 
restricted during the construction and final installation phases to ensure flood risk is not 
increased off site. Subsequent to installation of the sustainable water management scheme, 
the development is not considered to increase the flood risk to off site receptors. In fact the 
development is likely to lead to a general decrease in flood risk due to the additional storage 
capacity of the proposed scheme. 
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APPENDIX A 
 

GroundSure FloodInsight Report 
 
 

*The site outline in the figures of this report is based upon an older site outline drawing. This 
does not impact the report with the site outline having been redrawn based upon the latest 

drawings provided by IVL



Report Reference: CMAPS-CM-236910-21956-
170613

Client Reference: 21956

Report Date: 17 Jun 2013

Report Delivery
Method:

Email - pdf

Client Email: andy@centremaps.com

GroundSure FloodInsight

Address: WENNINGTON QUARRY, RAINHAM, ESSEX, RM13
9DU 

Dear Sir/Madam, 

Thank you for placing your order with CENTREMAPS. Please find enclosed the
GroundSure FloodInsight report as requested. 

If you need any further assistance, please do not hesitate to contact our helpline on
 01886 832972 quoting the above CENTREMAPS reference number.

Yours faithfully,

CENTREMAPS

Enc.
GroundSure FloodInsight



GroundSure
FloodInsight

Address: WENNINGTON QUARRY, RAINHAM, ESSEX, RM13 9DU 

Date: 17 Jun 2013

Client Reference: 21956

Client: CENTREMAPS

Brought to you by CENTREMAPS

Report Reference: CMAPS-CM-236910-21956-170613 Brought to you by CENTREMAPS
If you would like any further assistance regarding this report then please contact
CENTREMAPS on (T) 01886 832972, (F) 01883 833485, email: groundsure@centremaps.co.uk
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Aerial photography supplied by Getmapping PLC.
© Copyright Getmapping PLC 2003. All Rights Reserved.

Site Name: WENNINGTON QUARRY, RAINHAM, ESSEX,
RM13 9DU 

Grid Reference: 554136,181251

Size of Site: 20.05 ha

Report Reference: CMAPS-CM-236910-21956-170613 Brought to you by CENTREMAPS
If you would like any further assistance regarding this report then please contact
CENTREMAPS on (T) 01886 832972, (F) 01883 833485, email: groundsure@centremaps.co.uk
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Overview of Findings
For further details on each dataset, please refer to each individual section in the main report as
listed. 

Report Section

1. Environment Agency Flood Zones

1.1 Are there any Environment Agency indicative Zone 2 floodplains within 250m of the
study site?

Yes

1.2 Are there any Environment Agency indicative Zone 3 floodplains within 250m of the
study site?

Yes

1.3 Are there any Flood Defences within 250m of the study site? No

1.4 Are there any areas benefiting from Flood Defences within 250m of the study site? Yes

1.5 Are there any areas used for Flood Storage within 250m of the study site? No

2. National Flood Risk Assessment (NaFRA)

2.1 What is the National Flood Risk Assessment (NaFRA) Flood Rating for the study site? Significant

3. Historic Flood Events

3.1 Has the site been subject to past flooding as recorded by the Environment Agency? No

4. Surface Water Floods

4.1 Is the site or any area within 50m at risk of Surface Water (Pluvial) Flooding? Yes

5. Groundwater Flooding

5.1 What is the maximum BGS Groundwater Flooding susceptibility within 50m of the
study site?

Very High

5.2 What is the BGS confidence rating for the Groundwater Flooding susceptibility areas? High

6. BGS Geological Indicators of historic flooding

6.1 Are there any geological indicators of historic flooding within 250m of the study site? Yes

7. JBA Reservoir failure

7. Is the property located in an area identified as being at potential risk in the event of a
reservoir failure?

No

Report Reference: CMAPS-CM-236910-21956-170613 Brought to you by CENTREMAPS
If you would like any further assistance regarding this report then please contact
CENTREMAPS on (T) 01886 832972, (F) 01883 833485, email: groundsure@centremaps.co.uk
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Additional Matters

Riparian
ownership

If  your  land  abuts  a  river,  stream  or  ditch,  you  may  have  responsibility  to
maintain this watercourse, even if Title Deeds show the property boundary to be
adjacent to the watercourse. This includes the responsibility  for clearing debris
and obstructions which may impede the free passage of water and fish, and also
includes the responsibilities to accept flood flows through your land, even if these
are caused by inadequate capacity downstream. There is no duty in common law
for a landowner to improve the drainage capacity of a watercourse. Please contact
GroundSure if you need further advice on riparian ownership issues relating to this
property.

Sewerage
Flooding

Extreme  rainfall  events  may  overwhelm  sewerage  systems  and  cause  local
flooding.  The  water  and  sewerage  companies  within  the  UK  are  required  to
maintain 'DG5 – At Risk Registers' which record properties that have flooded from
sewers and/or are considered to be at risk of flooding from sewers in the future. If
your property is on the 'At Risk' Register, this may be recorded within a standard
CON29 Drainage and Water search.

Report Reference: CMAPS-CM-236910-21956-170613 Brought to you by CENTREMAPS
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Page 5 



Using this Report
The following report is designed by Environmental Consultants for Environmental Professionals bringing together the
most up-to-date market leading environmental data.  This report is provided under and subject to the Terms &
Conditions agreed between GroundSure and the Client. 

Note: Maps
Only certain features are placed on the maps within the report. All features represented on maps found within this
search are given an identification number. This number identifies the feature on the mapping and correlates it to the
additional  information  provided  below.  This  identification number  precedes  all  other  information and  takes  the
following format -Id: 1, Id: 2, etc. Where numerous features on the same map are in such close proximity that the
numbers would obscure each other a letter identifier is used instead to represent the features. (e.g. Three features
which overlap may be given the identifier “A” on the map and would be identified separately as features 1A, 3A, 10A
on the data tables provided). 

Where a feature is reported in the data tables to a distance greater than the map area, it is noted in the data table as
“Not Shown”. 

All distances given in this report are in Metres (m). Directions are given as compass headings such as N: North, E:
East, NE: North East from the nearest point of the study site boundary.
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1. River and Coastal Flood Map
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River and Coastal Flood Legend © Crown copyright and database
rights 2013. Ordnance Survey

license 100035207.
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1. Environment Agency Flood Zones
1.1 River and Coastal Zone 2 Flooding

Is the site within 250m of an Environment Agency indicative Zone 2 floodplain? Yes

Zone 2 floodplain estimates the annual probability of flooding as one in one thousand (0.1%) or greater from rivers
and the sea but less than 1% from rivers or 0.5% from the sea. Alternatively, where information is available they
may show the highest known flood level. Any relevant data is represented on Map 1 – River and Coastal Flooding:

The following floodplain records are represented as green shading on the Flood Map (1):
ID Distance [m] Direction Update Type
1 0.0 On Site 13-Mar-2013 Zone 2 - (Tidal Models )

2 88.0 SE 13-Mar-2013 Zone 2 - (Fluvial / Tidal Models )

3A 135.0 NW 13-Mar-2013 Zone 2 - (Fluvial / Tidal Models )

1.2 River and Coastal Zone 3 Flooding

Is the site within 250m of an Environment Agency indicative Zone 3 floodplain? Yes

Zone 3 estimates the annual probability of flooding as one in one hundred (1%) or greater from rivers and a one in
two hundred (0.5%) or greater from the sea. Alternatively, where information is available they may show the highest
known flood level. Any relevant data is represented on Map 1 – River and Coastal Flooding.

The following floodplain records are represented as green shading on the Flood Map (1):
ID Distance [m] Direction Update Type
7 0.0 On Site 13-Mar-2013 Zone 3 - (Tidal Models )

8 90.0 SE 13-Mar-2013 Zone 3 - (Fluvial / Tidal Models )

9A 209.0 NW 13-Mar-2013 Zone 3 - (Fluvial / Tidal Models )

1.3 River and Coastal Flood Defences 

Are there any Flood Defences within 250m of the study site ? No

Only flood defences constructed within the last five years to Environment Agency standards are likely to be shown
within this dataset. Any relevant data is represented on Map 1 – River and Coastal Flooding.

1.4 Areas benefiting from Flood Defences

Are there any areas benefiting from Flood Defences within 250m of the study site? Yes

Any relevant data is represented on Map 1 – River and Coastal Flooding.

1.5 Areas used for Flood Storage 

Are there any areas used for Flood Storage within 250m of the study site? No

Report Reference: CMAPS-CM-236910-21956-170613 Brought to you by CENTREMAPS
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Flood Storage Areas are considered part of the functional floodplain, and are areas where water has to flow or be
stored in times of flood.  Planning Policy Statement (PPS) 25: Development and Flood Risk states that only water-
compatible development and essential infrastructure should be permitted within flood storage areas, and existing
development within this area should be relocated to an area with a lower risk of flooding.  Any relevant data is
represented on Map 1 – River and Coastal Flooding.

Notes on Flood Zone Data:

This data relates solely to flooding from rivers or the sea. The Environment Agency estimate that over 2.5 million
properties are at risk of flooding within England and Wales. River flooding occurs when a watercourse cannot cope
with the water draining into it from the surrounding land. This can happen, for example, when heavy rain falls on an
already waterlogged catchment. Coastal flooding results from a combination of high tides and stormy conditions. If
low atmospheric pressure coincides with a high tide, a tidal surge may happen which can cause serious flooding.

The GroundSure FloodInsight Report comments upon whether a property lies in proximity to Environment Agency
Zone 2 and Zone 3 floodplains. The Government’s Planning Policy Statement 25 on Development and Flood Risk
(PPS25) explains how flood risk should be considered at all stages of the planning and development process in order
to reduce future damage to property and potential loss of life. The Government looks to planning authorities to ensure
that flood risk is properly taken into account in the planning of developments to reduce the risk of flooding and the
damage which floods cause.

The Environment Agency Flood Mapping Strategy covers  a five-year period from 2003 to 2008 and sets out to
improve the quality and coverage of data and information on actual and potential flood risk. One of the key outputs of
the strategy is the production of the flood zones, to enable planning authorities to apply the sequential test (see
Annex D of PPS25) for development proposals and prevent inappropriate development.

PPS25 defines the flood zones as: -

• Zone 1 – little or no risk with an annual probability of flooding from rivers and the sea of less than 0.1%
• Zone 2 – low to medium risk with an annual probability of flooding of 0.1-1.0% from rivers and 0.1-0.5%

from the sea.
• Zone 3 – high risk with an annual probability of flooding of 1.0% or greater from rivers, and 0.5% or greater

from the sea.
• Flood Zone 3b/Flood Storage Areas - very high risk with the site being used as part of the functional flood

plain or as a Flood Storage Area.

The flood zones provide more accurate and consistent information on flood risk using the definitions detailed in PPS25
than  the  previous  Indicative  Floodplain  Map (IFM).  The flood  zones are the main constraint  map underpinning
decisions on development and flood risk.

Flood Defences

Flood defences seek to reduce the risk of flooding and to safeguard life, protect property, sustain economic activity
and the natural environment. Flood defences are designed to protect against flood events of a particular magnitude,
expressed as risk in any one year. For example, defences in urban areas may be built to provide protection against
flood events of a size which might occur on average once in one hundred years or less.

All flood defences constructed during the last five years have a standard of protection equal to or better than 1% for
rivers and 0.5% from the sea. Some additional defences, which may be older or may have been designed to provide a
lower standard of protection, are also shown within the data GroundSure provides. 

Flood Storage Areas

Flood Storage Areas may also act as flood defences. A flood storage area may also be referred to as a balancing
reservoir, storage basin or balancing pond. Its purpose is to attenuate an incoming flood peak to a flow level that can
be accepted by the downstream channel. It may also delay the timing of a flood peak so that its volume is discharged
over a longer time interval.

A flood storage area may take the form of a wet or dry reservoir. A wet reservoir is a water storage facility in which
storage can be effected by allowing water levels to rise during flood times. A dry reservoir is typically adjacent to a
river and comprises an enclosed area that accepts water only at peak times. These areas are also referred to as Zone
3b or ‘the functional floodplain’ and has a 5% or greater chance of flooding in any given year, or is designed to flood
in the event of an extreme (0.1%) flood or another probability which may be agreed between the Local Planning
Authority and the Environment Agency, including water conveyance routes. Development within Flood Storage Areas
is severely restricted.
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2. NaFRA 2008 Flooding Map
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NaFRA 2008 Flood Legend © Crown copyright and database
rights 2013. Ordnance Survey
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2.1  National Flood Risk Assessment (NaFRA 2008) Flood Rating
(River and Coastal)

What is the highest risk of flooding onsite? Significant

The Environment Agency NaFRA database provides an indication of flood river and coastal risk at a national level on a
50m grid with the flood rating at the centre of the grid calculated and given above. The data considers the probability
that the flood defences will overtop or breach, and the distance from the river or the sea. 

Most insurance companies providing cover for flood risk use this data as the basis of their risk model, although they
may also utilise additional information such as claims histories, which may further influence their decision. Where a
significant risk of  flooding is identified flood risk insurance may be difficult to obtain without further work being
undertaken. Property owners of sites within Low and Moderate risk areas are still considered to be at risk of flooding
and insurance premiums may be increased as a result. Owners of properties within Low, Moderate and Significant risk
areas, as well as areas yet to receive a full assessment are advised to sign up to the Environment Agency's Floodline
Warning scheme. 

NaFRA data for the study site indicates the property has a significant (1 in 75 or greater) chance of flooding in any
given year.

Any relevant data within 250m is represented on the NaFRA Flood map. Data to 50m is reported in the table below.
ID Distance [m] Direction NaFRA flood Risk
1 0.0 On Site No Result
2 0.0 On Site Moderate
3 0.0 On Site No Result
4 0.0 On Site Significant

Notes on NaFRA data:

This information is based on the very latest Environment Agency National Flood Risk Assessment (NaFRA 2008) data.
This  data  has  been created by  dividing  the  flood  plain  into  50m squares,  or  smaller areas  where  a  square if
intersected by a river or coastline. These are called impact cells. The method then calculates the likelihood that the
centre of each impact cell will start to flood using a number of different flood scenarios.

Most insurance companies providing cover for flood risk use this data as the basis of their risk model, although they
may also utilise additional information such as claims histories, which may further influence their decision. Where a
significant risk of  flooding is identified flood risk insurance may be difficult to obtain without further work being
undertaken. Property owners of sites within Low and Moderate risk areas are still considered to be at risk of flooding
and insurance premiums may be increased as a result. Owners of properties within Low, Moderate and Significant risk
areas are advised to sign up to the Environment Agency's Floodline Warning scheme. The probability estimates for
NaFRA risk bands are as follows:

• Negligible – the chance of flooding from rivers or the sea is considered to be less than 0.1% (1 in 1000)
• Low – the chance of flooding from rivers or the sea is greater than 0.1% (1 in 1000) but less than 0.5% (1

in 200)
• Moderate - the chance of flooding from rivers or the sea is greater than 0.5% (1 in 200) but less than 1.3%

(1 in 75)
• Significant – the chance of flooding from rivers or the sea is greater than 1.3% (1 in 75)

Additionally, a site may fall within an area not yet fully assessed within NaFRA – noted as 'No data available' or 'No
Result'. These areas tend to fall within existing floodplains, and hence a cautionary approach is taken and these areas
are treated as though they have the potential to lie within areas considered to be at Significant risk of flooding.
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3. Historic Flooding Events
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Historic Flooding Legend © Crown copyright and database
rights 2013. Ordnance Survey
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3.1  Historic Flood Outlines

Has the site or any area within 250m been subject to historic flooding as recorded by the Environment
Agency? No

This database shows the individual footprint of every flood event recorded by the Environment Agency and previous
bodies. 

Any records found within the search radius are displayed on Map 3 – Historic Flooding Events.

Notes on Historic Flooding data:

Over 21,000 separate events are recorded  within this database, dating back to 1947. This data is used to understand
where flooding has occurred in the past and provides details as available. Absence of a historic flood event for an area
does not mean that the area has never flooded, but only that the Environment Agency do not currently have records
of flooding within the area. Equally, a record of a flood footprint in previous years does not mean that an area will
flood again, and this information does not take account of flood management schemes and improved flood defences.
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4. JBA Surface Water (Pluvial) Flood Map
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Surface Water (Pluvial) Flood Legend © Crown copyright and database rights
2013. Ordnance Survey license

100035207.

The data is provided by JBA Risk Management Limited, © Jeremy Benn Associates Limited and JBA Risk Management
Limited 2008, 2009, 2010, 2011.
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4.1  JBA Surface (Pluvial) Water Flooding

Surface Water (pluvial) flooding is defined as flooding caused by rainfall-generated overland flow before the runoff
enters a watercourse or sewer. In such events, sewerage and drainage systems and surface watercourses may be
entirely overwhelmed.

Surface Water (pluvial) flooding will usually be a result of extreme rainfall events, though may also occur when lesser
amounts of rain falls on land which has low permeability and/or is already saturated, frozen or developed. In such
cases overland flow and 'ponding' in topographical depressions may occur. 

What is the risk of pluvial flooding at the study site? Significant

Guidance: The site or an area in close proximity has been assessed to be at Significant Risk of surface water (pluvial)
flooding. This indicates that this area would be expected to be affected by surface water flooding in a 1 in 75 year
rainfall event to a depth of greater than 0.1m.

This data is provided by JBA Consulting, © Jeremy Benn Associates Limited 2008/2009

The following pluvial (surface water) flood risk records within 50m of the study site are shown on the JBA Surface
Water Flooding Map:

Distance Direction Risk
0.0 On Site Low
0.0 On Site Low
0.0 On Site Low
0.0 On Site Low
0.0 On Site Low
0.0 On Site Low
0.0 On Site Low
0.0 On Site Low
0.0 On Site Low
0.0 On Site Low
0.0 On Site Low
0.0 On Site Low
0.0 On Site Low
0.0 On Site Low
0.0 On Site Low
0.0 On Site Low
0.0 On Site Low
0.0 On Site Low
0.0 On Site Low
0.0 On Site Low
0.0 On Site Low
0.0 On Site Low
0.0 On Site Low
0.0 On Site Low
0.0 On Site Low
0.0 On Site Low
0.0 On Site Low
0.0 On Site Low
0.0 On Site Low
0.0 On Site Low
0.0 On Site Low
0.0 On Site Low
0.0 On Site Low
0.0 On Site Low
0.0 On Site Low
0.0 On Site Low
0.0 On Site Low
0.0 On Site Low
0.0 On Site Low
0.0 On Site Low
0.0 On Site Low
0.0 On Site Low
0.0 On Site Low
0.0 On Site Low
0.0 On Site Low
0.0 On Site Low
0.0 On Site Low
0.0 On Site Low
0.0 On Site Low
0.0 On Site Low
0.0 On Site Low
0.0 On Site Low
0.0 On Site Low
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0.0 On Site Low
0.0 On Site Low
0.0 On Site Low
0.0 On Site Low
0.0 On Site Low
0.0 On Site Low
0.0 On Site Low
0.0 On Site Low
0.0 On Site Low
0.0 On Site Low
0.0 On Site Low
0.0 On Site Low
0.0 On Site Low
0.0 On Site Low
0.0 On Site Low
0.0 On Site Low
0.0 On Site Low
0.0 On Site Low
0.0 On Site Low
0.0 N Low
0.0 On Site Low to Moderate
0.0 On Site Low to Moderate
0.0 On Site Low to Moderate
0.0 On Site Low to Moderate
0.0 On Site Low to Moderate
0.0 On Site Low to Moderate
0.0 On Site Low to Moderate
0.0 On Site Low to Moderate
0.0 On Site Low to Moderate
0.0 On Site Low to Moderate
0.0 On Site Low to Moderate
0.0 On Site Low to Moderate
0.0 On Site Low to Moderate
0.0 On Site Low to Moderate
0.0 On Site Low to Moderate
0.0 On Site Low to Moderate
0.0 On Site Low to Moderate
0.0 On Site Low to Moderate
0.0 On Site Low to Moderate
0.0 On Site Low to Moderate
0.0 On Site Low to Moderate
0.0 On Site Low to Moderate
0.0 On Site Low to Moderate
0.0 On Site Low to Moderate
0.0 On Site Low to Moderate
0.0 On Site Low to Moderate
0.0 On Site Low to Moderate
0.0 On Site Low to Moderate
0.0 On Site Low to Moderate
0.0 On Site Low to Moderate
0.0 On Site Low to Moderate
0.0 On Site Low to Moderate
0.0 On Site Low to Moderate
0.0 On Site Low to Moderate
0.0 On Site Low to Moderate
0.0 On Site Low to Moderate
0.0 On Site Low to Moderate
0.0 On Site Low to Moderate
0.0 On Site Low to Moderate
0.0 On Site Low to Moderate
0.0 On Site Low to Moderate
0.0 On Site Low to Moderate
0.0 On Site Low to Moderate
0.0 On Site Significant
0.0 On Site Significant
0.0 On Site Significant
0.0 On Site Significant
0.0 On Site Significant
0.0 On Site Significant
0.0 On Site Significant
0.0 On Site Significant
0.0 On Site Significant
0.0 On Site Significant
0.0 On Site Significant
0.0 On Site Significant
0.0 On Site Significant
0.0 On Site Significant
0.0 On Site Significant
0.0 On Site Significant
0.0 On Site Significant
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0.0 On Site Significant
0.0 On Site Significant
0.0 On Site Significant
0.0 On Site Significant
0.0 On Site Significant
0.0 On Site Significant
0.0 On Site Significant
0.0 On Site Significant
0.0 On Site Significant
0.0 On Site Significant
1.0 NE Significant
2.0 NE Low to Moderate
3.0 S Significant
4.0 S Significant
5.0 S Low
6.0 S Low
7.0 SE Low to Moderate
8.0 NE Low
9.0 NE Significant
11.0 SW Significant
13.0 SE Low to Moderate
16.0 SE Low to Moderate
16.0 S Significant
17.0 S Low
17.0 W Low
17.0 SE Low
18.0 SE Low
18.0 E Low
20.0 E Low
20.0 SE Significant
21.0 S Low
21.0 SE Low
21.0 SE Low to Moderate
21.0 SE Significant
22.0 S Low to Moderate
22.0 E Low to Moderate
22.0 S Significant
23.0 E Low
23.0 N Low to Moderate
24.0 E Low
24.0 SE Low to Moderate
24.0 N Significant
25.0 SE Low
25.0 W Low
25.0 SE Low to Moderate
25.0 E Low to Moderate
26.0 SE Low
26.0 S Low
26.0 SE Significant
27.0 SE Low
27.0 E Low to Moderate
27.0 N Low to Moderate
27.0 E Significant
27.0 E Significant
29.0 W Low to Moderate
29.0 E Low to Moderate
29.0 SE Low to Moderate
30.0 W Significant
31.0 SE Low to Moderate
31.0 E Significant
32.0 W Low
32.0 W Low to Moderate
32.0 S Significant
32.0 N Significant
33.0 N Low
34.0 E Low
34.0 N Low to Moderate
35.0 SE Low
35.0 N Low to Moderate
35.0 SE Significant
36.0 E Low to Moderate
36.0 E Low to Moderate
36.0 N Significant
38.0 NE Low to Moderate
38.0 W Low to Moderate
39.0 NE Low
39.0 W Significant
40.0 E Low
40.0 NE Low
40.0 NE Low
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40.0 NE Significant
42.0 W Low
42.0 NE Low to Moderate
43.0 NE Low to Moderate
44.0 NE Low
44.0 NE Significant
45.0 NE Low
45.0 W Low to Moderate
45.0 W Low to Moderate
47.0 NE Low
48.0 E Significant
49.0 NE Low
49.0 NE Significant
50.0 E Low to Moderate

Notes on Surface water (Pluvial) Flooding data:

JBA Consulting surface water flood map identifies areas likely to flood following extreme rainfall events, i.e. land
naturally vulnerable to surface water or “pluvial” flooding. This data set was produced by simulating 1 in 75 year, 1 in
200 year and 1 in 1000 year rainfall events. Modern urban drainage systems are typically built to cope with rainfall
events between 1 in 20 and 1 in 30 years, though older ones may even flood in a 1 in 5 year rainstorm event.

The model provides the maximum depth of flooding in each 5m “cell” of topographical mapping coverage. The maps
include 5 bands indicating areas of increasing natural vulnerability to surface water flooding. These are:-

• 0.1m or greater in a 1 in 1,000 year rainfall event - Low
• Between 0.1m and 0.3m in a 1 in 200 year rainfall event – Low to Moderate
• Between 0.3m and 1.0m  in a 1 in 200 year rainfall event - Moderate
• Greater than 1.0m  in a 1 in 200 year rainfall event – High
• Greater than 0.1m in a 1 in 75 year rainfall event – Significant

Report Reference: CMAPS-CM-236910-21956-170613 Brought to you by CENTREMAPS
If you would like any further assistance regarding this report then please contact
CENTREMAPS on (T) 01886 832972, (F) 01883 833485, email: groundsure@centremaps.co.uk

Page 18



5.Groundwater Flooding Map
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BGS Groundwater Flood Legend © Crown copyright and database rights 2013.
Ordnance Survey license 100035207.
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5.1  Groundwater Flooding Susceptibility Areas
Are there any British Geological Survey groundwater flooding
susceptibility flood areas within 50m of the boundary of the study site? Yes

What is the highest susceptibility to groundwater flooding in
the search area based on the underlying geological conditions? Very High

Where very high susceptibility is indicated, this means that given the geological conditions in the area groundwater
flooding hazard should be  considered in all  land-use planning  decisions.  It  is  recommended  that other  relevant
information e.g. records of previous incidence of groundwater flooding, rainfall, property type, and land drainage
information be investigated in order to establish relative, but not absolute, risk of groundwater flooding.

5.2  Groundwater Flooding Confidence Areas

What is the British Geological Survey confidence rating in this result? High

Groundwater flooding is defined as the emergence of groundwater at the ground surface or the rising of groundwater
into man-made ground under conditions where the normal range of groundwater levels is exceeded.

The confidence rating is on a threefold scale - Low, Moderate and High. This provides a relative indication of the
BGS confidence in the accuracy of the susceptibility result for groundwater flooding. This is based on the amount and
precision  of  the  information used  in  the  assessment.  In  areas  with  a  relatively  lower  level  of  confidence  the
susceptibility  result  should  be  treated  with  more  caution.  In  other  areas  with  higher  levels  of  confidence  the
susceptibility result can be used with more confidence. 

Notes on Groundwater Flooding data:

The British Geological Survey (BGS) Susceptibility to Groundwater Flooding hazard dataset identifies areas where
geological conditions could potentially enable groundwater flooding to occur and where groundwater may come close
to the ground surface. The dataset is  supplied  with  confidence  information which provides  an indication of  the
resolution and quality of the data behind the susceptibility assessment.

The susceptibility data is suitable for use for regional or national planning purposes where the groundwater flooding
information will be used along with a range of other relevant information to inform land-use planning decisions.  It
might also be  used in  conjunction with  a large  number  of  other  factors,  e.g.  records  of  previous  incidence  of
groundwater flooding, rainfall, property type, and land drainage information, to establish relative, but not absolute,
risk of groundwater flooding at a resolution of greater than a few hundred metres. It should be noted that the
susceptibility data is based entirely upon geological data, and does not take into account topography, actual depths of
water tables etc.

In all cases it is strongly recommended that the confidence data is used in conjunction with the groundwater flooding
susceptibility data. The susceptibility data should not be used on its own to make planning decisions at any scale, and,
in particular, should not be used to inform planning decisions at the site scale. The susceptibility data cannot be used
on its  own to  indicate  risk  of  groundwater  flooding  and is  merely  an indication of  the susceptibility  of  certain
geological deposits to groundwater flooding, not an indication of likelihood of such flooding occurring.

The susceptibility to groundwater flooding is calibrated on a fivefold scale by the BGS:-

• Where susceptibility is not applicable, this means that you need take no further action in relation to groundwater
hazard in this area.

• Where  low  susceptibility  is  indicated,  this  means  that,  given  the  geological  conditions,  there  may  be  a
groundwater  flooding  hazard.  Unless  other  relevant  information, e.g.,  records  of  previous  flooding  suggests
groundwater flooding has occurred before in this area, you need take no further action in relation to groundwater
flooding hazard. If there are records of previous incidences of groundwater flooding, then is recommended that
other information e.g. rainfall history, property type, and land drainage information in addition to previous records
of flooding be investigated in order to establish relative, but not absolute, risk of groundwater flooding.

• Where  moderate susceptibility is indicated, this means that, given the geological conditions, there may be a
groundwater  flooding  hazard.  Unless  other  relevant  information, e.g.,  records  of  previous  flooding  suggests
groundwater flooding has occurred before in this area, you need take no further action in relation to groundwater
flooding hazard. If there are records of previous incidences of groundwater flooding, then is recommended that
other information e.g. rainfall history, property type, and land drainage information in addition to previous records
of flooding be investigated in order to establish relative, but not absolute, risk of groundwater flooding.

• Where  moderately high susceptibility is indicated, this means that given the geological conditions in the area
groundwater flooding hazard should be considered in all land-use planning decisions. It is recommended that other
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relevant information e.g. records of previous incidence of groundwater flooding, rainfall, property type, and land
drainage information be investigated in order to establish relative, but not absolute, risk of groundwater flooding.

• Where  high susceptibility is indicated, this means that given the geological conditions in the area groundwater
flooding hazard should be considered in all land-use planning decisions. It is recommended that other relevant
information e.g. records of previous incidence of groundwater flooding, rainfall, property type, and land drainage
information be investigated in order to establish relative, but not absolute, risk of groundwater flooding.

The confidence rating is also measured on a fivefold scale - Low, Moderately Low, Moderate, Moderately High and
High.  This  provides  a  relative  indication  of  the  BGS  confidence  in  the  accuracy of  the  susceptibility result  for
groundwater flooding. This is based on the amount and precision of the information used in the assessment. In areas
with a relatively lower level of confidence the susceptibility result should be treated with more caution. In other areas
with higher levels of confidence the susceptibility result can be used with more confidence. 
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6. BGS Geological Indicators of Flooding

Are there any geological indicators of flooding within 250m of the study site? Yes

This dataset identifies the presence of superficial geological deposits which indicate that the site may be, or have been
in the past, vulnerable to inland and/or coastal flooding. This assessment does not take account of any man-made
factors such as flood protection schemes, and the data behind the report are purely geological.

Distance [m] Direction Description
0.0 On Site Lower flood potential from rivers: areas affected by secondary flooding in extreme cases as a

result of a prolonged flood event.
35.0 SE Higher flood potential from rivers: the first areas to experience the effects of inland flooding in

a river catchment.
201.0 SE Lower flood potential from rivers: areas affected by secondary flooding in extreme cases as a

result of a prolonged flood event.

Notes on BGS Geological Indicators of Flooding data:

The BGS Geological Indicators of Flooding (GIF) data set is a digital map based on the BGS Digital Geological Map of
Great Britain at the 1:50,000 scale (DiGMapGB-50).  It was produced by characterising Superficial (Drift) Deposits on
DiGMapGB-50  in  terms of  their  likely  vulnerability  to  flooding,  either  from  coastal  or  inland water  flow.  These
Superficial Deposits are considered ‘recent’ in geological terms, most having been formed in the later parts of the
Quaternary geological period (i.e. within the last few tens of thousands of years). Observations made during recent
major  inland  and  coastal  flooding  events  have  demonstrated  that  the  erosion  and  deposition  of  these  recent
geological sediments have produced subtle topographical variations, resulting in landforms such as fluvial and coastal
floodplains. The mapping of these landforms, in conjunction with the fluvial and/or coastal deposits that underlie
them, has in turn determined the extent of previous coastal and inland flooding.

On this basis, the floodplains which are at greatest risk from flooding can be both visualised and defined by Superficial
Deposits as depicted on geological maps. These include deposits such as river alluvium and lacustrine (lake) alluvium,
as well as the First River Terrace or ‘Floodplain terrace’ (raised flat areas adjacent to or within floodplains, which
represent the level of the floodplain prior to the most recent episode of down-cutting). Older and higher river terraces
have been excluded as they lie outside the geologically defined floodplain. Areas at risk from coastal inundation are
similarly characterised by a range of estuarine or marine deposits that include, for example, tidal flats.
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7. JBA Reservoir Failure Impact Modelling

Is the property located in an area identified as being at potential risk in
the event of a reservoir failure? No

JBA consulting have modelled the flooding impact from 1,700 reservoirs in England and Wales, should there be a
catastrophic failure of a reservoir wall or embankment. 

Guidance: None required

Notes on Reservoir Failure Impact data:

This dataset identified area that are most likely to flood following the sudden catastrophic failure of a reservoir and is
provided by JBA Consulting. JBA has identified over 1,700 reservoirs that pose a risk to people and property. These
maps identify properties that would flood in the unlikely event of the failure of the reservoir’s dam or embankment.
Empirical methods were used to predict the flow that would result from the failure which was then modelled onto high
resolution Digital Terrain Models (DTM) using JBA’s advanced 2D hydraulic modelling techniques. The model provides
the maximum depth of flooding in each cell of the DTM.

Report Reference: CMAPS-CM-236910-21956-170613 Brought to you by CENTREMAPS
If you would like any further assistance regarding this report then please contact
CENTREMAPS on (T) 01886 832972, (F) 01883 833485, email: groundsure@centremaps.co.uk
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8. Contacts

CENTREMAPS
Telephone:  01886 832972 
groundsure@centremaps.co.uk
CENTREMAPS, Brockamin House, Leigh, Worcester, London,
WR6 5JU

Directors: M C Walker, MInst C.E.S., C M Walker,
S J Hawkins BSc (Hons), S E Stewart BSc (Hons)
Registered No. 1890261 Registered in England and Wales
Registered Company: Laser Surveys Limited
Brockamin House, Leigh, Worcester, WR6 5JU.

British Geological Survey (England & Wales) 
Kingsley Dunham Centre
Keyworth, Nottingham NG12 5GG
Tel: 0115 936 3143.Fax: 0115 936 3276. Email:
enquiries@bgs.ac.uk
Web: www.bgs.ac.uk
BGS Geological Hazards Reports and general geological
enquiries

Environment Agency
Floodline tel: 0845 988 1188
General enquiry tel: 08708 506 506
Web: www.environment-agency.gov.uk
Email: enquiries@environment-agency.gov.uk   

JBA Consulting
South Barn,
Broughton Hall,
Skipton
BD23 3AE
01756 799919

Ordnance Survey
Romsey Road
Southampton SO16 4GU

Tel: 08456 050505

Local Authority
Authority: Havering London Borough Council
Phone: 01708 434343
Web: www.havering.gov.uk
Address: Town Hall, Main Road, Romford, RM1 3BD

Get Mapping PLC
Virginia Villas, High Street, Hartley Witney, Hampshire RG27
8NW
Tel: 01252 845444

Acknowledgements

Ordnance Survey © Crown Copyright and/or Database Right. All Rights Reserved. Licence Number [03421028].

This report has been prepared in accordance with the GroundSure Ltd standard Terms and Conditions of business for
work of this nature.

Report Reference: CMAPS-CM-236910-21956-170613 Brought to you by CENTREMAPS
If you would like any further assistance regarding this report then please contact
CENTREMAPS on (T) 01886 832972, (F) 01883 833485, email: groundsure@centremaps.co.uk
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Standard Terms and Conditions

1 Definitions
In these terms and conditions unless the context otherwise requires:
“Beneficiary” means the person or entity for whose benefit the Client
has obtained the Services.
“Client” means the party or parties entering into a Contract with
GroundSure.
“Commercial” means any building or property which is not Residential.
“Confidential Information” means the contents of this Contract and
all information received from the Client as a result of, or in connection
with, this Contract other than

(i) information which the Client can prove was rightfully in its
possession prior to disclosure by GroundSure and 

(ii) any information which is in the public domain (other than by virtue
of a breach of this Contract).
“Support Services” means Support Services provided by GroundSure
including, without limitation, interpreting third party and in-house
environmental data, providing environmental support advice, undertaking
environmental audits and assessments, Site investigation, Site monitoring
and related items.
“Contract” means the contract between GroundSure and the Client for
the provision of the Services, and which shall incorporate these terms and
conditions, the Order, and the relevant User Guide.
“Third Party Data Provider” means any third party providing Third
Party Content to GroundSure.
“Data Reports” means reports comprising factual data with no
accompanying interpretation.
“Fees” has the meaning set out in clause 5.1.
“GroundSure” means GroundSure Limited, a company registered in
England and Wales under number 03421028.
“GroundSure Materials” means all materials prepared by
GroundSure and provided as part of the Services, including but not limited
to Third Party Content, Data Reports, Mapping, and Risk Screening
Reports.
“Intellectual Property” means any patent, copyright, design rights,
trade or service mark, moral rights, data protection rights, know-how or
trade mark in each case whether registered or not and including
applications for the same or any other rights of a similar nature anywhere
in the world.
“Mapping” means a map, map data or a combination of historical maps
of various ages, time periods and scales. 
“Order” means an electronic, written or other order form submitted by
the Client requesting Services from GroundSure in respect of a specified
Site. 
“Ordnance Survey” means the Secretary of State for Business,
Innovation and Skills, acting through Ordnance Survey, Adanac Drive,
Southampton, SO16 0AS, UK. 
“Order Website” means the online platform through which Orders may
be placed by the Client and accepted by GroundSure.
“Report” means a Risk Screening Report or Data Report for
Commercial or Residential property.
“Residential” means any building or property used as or intended to be
used as a single dwelling.
“Risk Screening Report” means a risk screening report comprising
factual data with an accompanying interpretation by GroundSure. 
“Services” means any Report, Mapping and/or Support Services which
GroundSure has agreed to provide by accepting an Order pursuant to
clause 2.6.
"Site" means the area of land in respect of which the Client has
requested GroundSure to provide the Services.
“Third Party Content” means data, database information or other
information which is provided to GroundSure by a Third Party Data
Provider.
"User Guide" means the user guide, as amended from time to time,
available upon request from GroundSure and on the website
(www.groundsure.com) and forming part of this Contract. 

2 Scope of Services, terms and conditions, requests for
insurance and quotations

2.1 GroundSure agrees to provide the Services in accordance with the
Contract.
2.2 GroundSure shall exercise reasonable skill and care in the provision of
the Services.
2.3 Subject to clause 7.3 the Client acknowledges that it has not relied on
any statement or representation made by or on behalf of GroundSure
which is not set out and expressly agreed in writing in the Contract and all
such statements and representations are hereby excluded to the fullest
extent permitted by law. 
2.4 The Client acknowledges that terms and conditions appearing on a
Client’s order form, printed stationery or other communication, or any
terms or conditions implied by custom, practice or course of dealing shall
be of no effect, and that this Contract shall prevail over all others in
relation to the Order.
2.5 If the Client or Beneficiary requests insurance in conjunction with or as
a result of the Services, GroundSure shall use reasonable endeavours to
recommend such insurance, but makes no warranty that such insurance
shall be available from insurers or that it will be offered on reasonable
terms. Any insurance purchased by the Client or Beneficiary shall be
subject solely to the terms of the policy issued by insurers and
GroundSure will have no liability therefor. In addition you acknowledge
and agree that GroundSure does not act as an agent or broker for any
insurance providers.  The Client should take (and ensure that the
Beneficiary takes) independent advice to ensure that the insurance policy
requested or offered is suitable for its requirements.
2.6 GroundSure's quotations or proposals are valid for a period of 30 days
only unless an alternative period of time is explicitly stipulated by
Groundsure. GroundSure reserves the right to withdraw any quotation or
proposal at any time before an Order is accepted by GroundSure.
GroundSure's acceptance of an Order shall be binding only when made in
writing and signed by GroundSure's authorised representative or when
accepted through the Order Website. 

3 The Client’s obligations
3.1The Client shall comply with the terms of this Contract and 

(i) procure that the Beneficiary or any third party relying on the
Services complies with and acts as if it is bound by the Contract and

(ii) be liable to GroundSure for the acts and omissions of the
Beneficiary or any third party relying on the Services as if such acts and
omissions were those of the Client.
3.2 The Client shall be solely responsible for ensuring that the Services
are appropriate and suitable for its and/or the Beneficiary’s needs.
3.3 The Client shall supply to GroundSure as soon as practicable and
without charge all requisite information (and the Client warrants that such
information is accurate, complete and appropriate), including without
limitation any environmental information relating to the Site and shall give
such assistance as GroundSure shall reasonably require in the provision
of the Services including, without limitation, access to the Site, facilities
and equipment.
3.4 Where the Client’s approval or decision is required to enable
GroundSure to carry out work in order to provide the Services, such
approval or decision shall be given or procured in reasonable time and so
as not to delay or disrupt the performance of the Services.
3.5 Save as expressly permitted by this Contract the Client shall not, and
shall procure that the Beneficiary shall not, re-sell, alter, add to, or amend
the GroundSure Materials, or use the GroundSure Materials in a manner
for which they were not intended. The Client may make the GroundSure
Materials available to a third party who is considering acquiring some or
all of, or providing funding in relation to, the Site, but such third party
cannot rely on the same unless expressly permitted under clause 4.
3.6 The Client is responsible for maintaining the confidentiality of its user
name and password if using the Order Website and the Client
acknowledges that GroundSure accepts no liability of any kind for any loss
or damage suffered by the Client as a consequence of using the Order
Website.



4 Reliance
4.1The Client acknowledges that the Services provided by GroundSure
consist of the presentation and analysis of Third Party Content and other
content and that information obtained from a Third Party Data Provider
cannot be guaranteed or warranted by GroundSure to be reliable.
4.2 In respect of Data Reports, Mapping and Risk Screening Reports, the
following classes of person and no other are entitled to rely on their
contents; 

(i) the Beneficiary, 
(ii) the Beneficiary's professional advisers, (iii) any person providing

funding to the Beneficiary in relation to the Site (whether directly or as part
of a lending syndicate), 

(iv) the first purchaser or first tenant of the Site, and 
(v) the professional advisers and lenders of the first purchaser or

tenant of the Site. 
4.3 In respect of Support Services, only the Client, Beneficiary and parties
expressly named in a Report and no other parties are entitled to rely on its
contents. 
4.4 Save as set out in clauses 4.2 and 4.3 and unless otherwise expressly
agreed in writing, no other person or entity of any kind is entitled to rely on
any Services or Report issued or provided by GroundSure. Any party
considering such Reports and Services does so at their own risk. 

5 Fees and Disbursements
5.1GroundSure shall charge and the Client shall pay fees at the rate and
frequency specified in the written proposal, Order Website or Order
acknowledgement form, plus (in the case of Support Services) all proper
disbursements incurred by GroundSure. The Client shall in addition pay all
value added tax or other tax payable on such fees and disbursements in
relation to the provision of the Services (together “Fees”).
5.2 The Client shall pay all outstanding Fees to GroundSure in full without
deduction, counterclaim or set off within 30 days of the date of
GroundSure’s invoice or such other period as may be agreed in writing
between GroundSure and the Client ("Payment Date"). Interest on late
payments will accrue on a daily basis from the Payment Date until the
date of payment (whether before or after judgment) at the rate of 8% per
annum.
5.3 The Client shall be deemed to have agreed the amount of any invoice
unless an objection is made in writing within 28 days of the date of the
invoice. As soon as reasonably practicable after being notified of an
objection, without prejudice to clause 5.2 a member of GroundSure’s
management team will contact the Client and the parties shall then use all
reasonable endeavours to resolve the dispute within 15 days. 

6 Intellectual Property and Confidentiality
6.1 Subject to 

(i) full payment of all relevant Fees and 
(ii) compliance with this Contract, the Client is granted (and is

permitted to sub-licence to the Beneficiary) a royalty-free, worldwide, non-
assignable and (save to the extent set out in this Contract) non-
transferable licence to make use of the GroundSure Materials.
6.2 All Intellectual Property in the GroundSure Materials are and shall
remain owned by GroundSure or GroundSure's licensors (including
without limitation the Third Party Data Providers) the Client acknowledges,
and shall procure acknowledgement by the Beneficiary of, such
ownership. Nothing in this Contract purports to transfer or assign any
rights to the Client or the Beneficiary in respect of such Intellectual
Property.
6.3 Third Party Data Providers may enforce any breach of clauses 6.1 and
6.2 against the Client or Beneficiary.
6.4 The Client shall, and shall procure that any recipients of the
GroundSure Materials shall:

(i) not remove, suppress or modify any trade mark, copyright or other
proprietary marking belonging to GroundSure or any third party from the
Services;

(ii) use the information obtained as part of the Services in respect of
the subject Site only, and shall not store or reuse any information obtained
as part of the Services provided in respect of adjacent or nearby sites;

(iii)  not create any product or report which is derived directly or
indirectly from the Services (save that those acting in a professional
capacity to the Beneficiary may provide advice based upon the Services);

(iv) not combine the Services with or incorporate such Services into
any other information data or service;

(v) not reformat or otherwise change (whether by modification, addition
or enhancement), the Services (save that those acting for the Beneficiary
in a professional capacity shall not be in breach of this clause 6.4(v)
where such reformatting is in the normal course of providing advice based
upon the Services);

(vi) where a Report and/or Mapping contains material belonging to
Ordnance Survey, acknowledge and agree that such content is protected
by Crown Copyright and shall not use such content for any purpose
outside of receiving the Services; and

(vii) not copy in whole or in part by any means any map prints or run-on
copies containing content belonging to Ordnance Survey (other than that
contained within Ordnance Survey’s OS Street Map) without first being in
possession of a valid Paper Map Copying Licence from Ordnance Survey,
6.5 Notwithstanding clause 6.4, the Client may make reasonable use of
the GroundSure Materials in order to advise the Beneficiary in a
professional capacity. However, GroundSure shall have no liability in
respect of any advice, opinion or report given or provided to Beneficiaries
by the Client.
6.6 The Client shall procure that any person to whom the Services are
made available shall notify GroundSure of any request or requirement to
disclose, publish or disseminate any information contained in the Services
in accordance with the Freedom of Information Act 2000, the
Environmental Information Regulations 2004 or any associated legislation
or regulations in force from time to time.

7.Liability: Particular Attention Should Be Paid To This
Clause

7.1 This Clause 7 sets out the entire liability of GroundSure, including any
liability for the acts or omissions of its employees, agents, consultants,
subcontractors and Third Party Content, in respect of:

(i) any breach of contract, including any deliberate breach of the
Contract by GroundSure or its employees, agents or 
subcontractors;

(ii) any use made of the Reports, Services, Materials or any part
of them; and 

(iii) any representation, statement or tortious act or omission (including
negligence) arising under or in connection with the Contract.
7.2 All warranties, conditions and other terms implied by statute or
common law are, to the fullest extent permitted by law, excluded from the
Contract.
7.3 Nothing in the Contract limits or excludes the liability of the Supplier
for death or personal injury resulting from negligence, or for any damage
or liability incurred by the Client or Beneficiary as a result of fraud or
fraudulent misrepresentation.
7.4 GroundSure shall not be liable for 

(i) loss of profits; 
(ii) loss of business; 
(iii) depletion of goodwill and/or similar losses; 
(iv) loss of anticipated savings; 
(v) loss of goods;
(vi) loss of contract; 
(vii) loss of use; 
(viii) loss or corruption of data or information; 
(ix) business interruption;
(x) any kind of special, indirect, consequential or pure economic loss,

costs, damages, charges or expenses; 
(xi) loss or damage that arise as a result of the use of all or part of the

GroundSure Materials in breach of the Contract;
(xii) loss or damage arising as a result of any error, omission or

inaccuracy in any part of the GroundSure Materials where such error,
omission or inaccuracy is caused by any Third Party Content or any
reasonable interpretation of Third Party Content;

(xiii) loss or damage to a computer, software, modem, telephone or
other property; and

(xiv) loss or damage caused by a delay or loss of use of GroundSure’s
internet ordering service.
7.5 GroundSure’s total liability in relation to or under the Contract shall be
limited to £10 million for any claim or claims.  
7.6 GroundSure shall procure that the Beneficiary shall be bound by
limitations and exclusions of liability in favour of GroundSure which accord
with those detailed in clauses 7.4 and 7.5 (subject to clause 7.3) in
respect of all claims which the Beneficiary may bring against GroundSure



in relation to the Services or other matters arising pursuant to the
Contract. 

8 GroundSure’s right to suspend or terminate 
8.1 If GroundSure reasonably believes that the Client or Beneficiary has
not provided the information or assistance required to enable the proper
provision of the Services, GroundSure shall be entitled to suspend all
further performance of the Services until such time as any such deficiency
has been made good.
8.2 GroundSure shall be entitled to terminate the Contract immediately on
written notice in the event that:

(i) the Client fails to pay any sum due to GroundSure within 30 days of
the Payment Date; or

(ii) the Client (being an individual) has a bankruptcy order made
against him or (being a company) shall enter into liquidation whether
compulsory or voluntary or have an administration order made against it
or if a receiver shall be appointed over the whole or any part of its property
assets or undertaking or if the Client is struck off the Register of
Companies or dissolved; or

(iii) the Client being a company is unable to pay its debts within the
meaning of Section 123 of the Insolvency Act 1986 or being an individual
appears unable to pay his debts within the meaning of Section 268 of the
Insolvency Act 1986 or if the Client shall enter into a composition or
arrangement with the Client’s creditors or shall suffer distress or execution
to be levied on his goods; or

(iv) the Client or the Beneficiary breaches any term of the Contract
(including, but not limited to, the obligations in clause 4) which is
incapable of remedy or if remediable, is not remedied within five days of
notice of the breach. 

9. Client’s Right to Terminate and Suspend
9.1 Subject to clause 10.1, the Client may at any time upon written notice
terminate or suspend the provision of all or any of the Services. 
9.2 In any event, where the Client is a consumer (and not a business)
he/she hereby expressly acknowledges and agrees that:

(i) the supply of Services under this Contract (and therefore the
performance of this Contract) commences immediately upon
GroundSure's acceptance of the Order; and
 (ii) the Reports and/or Mapping provided under this Contract are 

(a) supplied to the Client's specification(s) and in any event 
(b) by their nature cannot be returned. 

10 Consequences of Withdrawal, Termination or
Suspension

10.1 Upon termination of the Contract: 
(i) GroundSure shall take steps to bring to an end the Services in an

orderly manner, vacate any Site with all reasonable speed and shall
deliver to the Client and/or Beneficiary any property of the Client and/or
Beneficiary in GroundSure’s possession or control; and 

(ii) the Client shall pay to GroundSure all and any Fees payable in
respect of the performance of the Services up to the date of termination or
suspension. In respect of any Support Services provided, the Client shall
also pay GroundSure any additional costs incurred in relation to the
termination or suspension of the Contract. 11 Anti-Bribery
11.1 The Client warrants that it shall:

(i) comply with all applicable laws, statutes and regulations relating to
anti-bribery and anti-corruption including but not limited to the Bribery Act
2010;

(ii) comply with such of GroundSure's anti-bribery and anti-corruption
policies as are notified to the Client from time to time; and

(iii) promptly report to GroundSure any request or demand for any
undue financial or other advantage of any kind received by or on behalf of
the Client in connection with the performance of this Contract.
11.2 Breach of this Clause 11 shall be deemed a material breach of this
Contract.

12 General
12.1 The Mapping contained in the Services is protected by Crown
copyright and must not be used for any purpose other than as part of the
Services or as specifically provided in the Contract.
12.2 The Client shall be permitted to make one copy only of each Report
or Mapping Order. Thereafter the Client shall be entitled to make unlimited
copies of the Report or Mapping Order only in accordance with an
Ordnance Survey paper map copy license available through GroundSure.

12.3 GroundSure reserves the right to amend or vary this Contract. No
amendment or variation to this Contract shall be valid unless signed by an
authorised representative of GroundSure. 
12.4 No failure on the part of GroundSure to exercise, and no delay in
exercising, any right, power or provision under this Contract shall operate
as a waiver thereof.
12.5 Save as expressly provided in this Contract, no person other than the
persons set out therein shall have any right under the Contract (Rights of
Third Parties) Act 1999 to enforce any terms of the Contract.
12.6 The Secretary of State for Business, Innovation and Skills (“BIS”) or
BIS’ successor body, as the case may be, acting through Ordnance
Survey may enforce a breach of clause 6.4(vi) and clause 6.4(vii) of these
terms and conditions against the Client in accordance with the provisions
of the Contracts (Rights of Third Parties) Act 1999. 
12.7 GroundSure shall not be liable to the Client if the provision of the
Services is delayed or prevented by one or more of the following
circumstances:

(i) the Client or Beneficiary’s failure to provide facilities, access or
information;

(ii) fire, storm, flood, tempest or epidemic;
(iii) Acts of God or the public enemy; 
(iv) riot, civil commotion or war;
(v) strikes, labour disputes or industrial action;
(vi) acts or regulations of any governmental or other agency; 
(vii) suspension or delay of services at public registries by Third Party

Data Providers;
(viii) changes in law; or
(ix) any other reason beyond GroundSure’s reasonable control.

In the event that GroundSure is prevented from performing the Services
(or any part thereof) in accordance with this clause 12.6 for a period of not
less than 30 days then GroundSure shall be entitled to terminate this
Contract immediately on written notice to the Client.
12.8 Any notice provided shall be in writing and shall be deemed to be
properly given if delivered by hand or sent by first class post, facsimile or
by email to the address, facsimile number or email address of the relevant
party as may have been notified by each party to the other for such
purpose or in the absence of such notification the last known address.
12.9 Such notice shall be deemed to have been received on the day of
delivery if delivered by hand, facsimile or email (save to the extent such
day is not a working day where it shall be deemed to have been delivered
on the next working day) and on the second working day after the day of
posting if sent by first class post.
12.10 The Contract constitutes the entire agreement between the parties
and shall supersede all previous arrangements between the parties
relating to the subject matter hereof.
12.11 Each of the provisions of the Contract is severable and distinct from
the others and if one or more provisions is or should become invalid,
illegal or unenforceable, the validity and enforceability of the remaining
provisions shall not in any way be tainted or impaired.
12.12 This Contract shall be governed by and construed in accordance
with English law and any proceedings arising out of or connected with this
Contract shall be subject to the exclusive jurisdiction of the English courts.
12.13 GroundSure is an executive member of the Council of Property
Search Organisation (CoPSO) and has signed up to the  Search Code
administered by the Property Codes Compliance Board (PCCB).   All Risk
Screening Reports shall be supplied in accordance with the provisions of
the Search Code.
12.14 If the Client or Beneficiary has a complaint about the Services,
written notice should be given to the Compliance Officer at GroundSure
who will respond in a timely manner.
12.15  The  Client  agrees  that  it  shall,  and  shall  procure  that  each
Beneficiary shall, treat in confidence all Confidential Information and shall
not,  and  shall  procure  that  each  Beneficiary  shall  not  (i)  disclose  any
Confidential Information to any third party other than in accordance with
the  terms  of  this  Contract;  and  (ii)  use  Confidential  Information  for  a
purpose other than the exercise of  its  rights and obligations under this
Contract.  Subject to clause 6.6, nothing shall  prevent the Client or any
Beneficiary from disclosing Confidential Information to the extent required
by law. 

© GroundSure Limited June 2013



  

 

 
 
 
 
 
 
 

APPENDIX B 
 

Proposed development plans (current and proposed layout 
and topography) 













 

 

 
 
 
 
 
 
 

APPENDIX C 
 

Site photographs 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

 
View looking south along the eastern boundary of the Site. The earth bank c. 1 m high is to 

the left with Wennington Hall Farm in the distance. 
 

 
The view to the north across the Site from Wennington Hall Farm 



 

 

 
The view south along the main drainage ditch from the site that feeds into the pond adjacent 

to Wennington Hall Farm. 
 

 
The pond adjacent to Wennington Hall Farm which receives the surface water run-off from 

the Site. Flow was not observable due to overgrown vegetation. 
 

 
 
 
 
 
 



 

 

 
 
 
 
 
 
 

APPENDIX D 
 

Rainfall run-off calculations 

 



Pre Development

Whole Site catchment
1 in 100 Year + CC Run-off Calculated using the Rational Formula

Peak Flow Q=2.78CiA l/s

C 0.35 Coefficient of run‐off (dimensionless)

i see below Rainfall intensity (mm/hr)

Area  25.3 Catchment area (ha)

Ground Conditions:

Climate change factor (% rainfall increase)

0

Off site discharge rate 0 l/s

Rainfall Rainfall intensity Flow

Duration 100 yr event 100 yr event 100 yr +cc event

hours mm mm/hr l/s m3

0.5 48.63 97.26 2,394 4,310

0.75 51.9 69.20 1,703 4,599

1 54.36 54.36 1,338 4,817

2 60.77 30.39 748 5,385

3 64.86 21.62 532 5,748

4 67.94 16.99 418 6,021

5 70.42 14.08 347 6,241

6 72.51 12.09 297 6,426

8 75.95 9.49 234 6,731

10 78.72 7.87 194 6,976

12 81.06 6.76 166 7,184

16 86.01 5.38 132 7,622

20 90.05 4.50 111 7,980

24 93.49 3.90 96 8,285

28 96.5 3.45 85 8,552

32 99.19 3.10 76 8,790

36 101.63 2.82 69 9,007

40 103.85 2.60 64 9,203

44 105.91 2.41 59 9,386

48 107.82 2.25 55 9,555

C is calculated from Nomogram, including components of gradient of slope and ground conditions

Run‐off 

Volume

Greenfield agricultural crops underlain by sandy loam and a relatively shallow slope 

gradient (1%) 



Operational Development

Plant and operations area catchment
1 in 100 Year + CC Run-off Calculated using the Rational Formula

Peak Flow Q=2.78CiA l/s

C 0.47 Coefficient of run‐off (dimensionless)

i see below Rainfall intensity (mm/hr)

Area  4.0 Catchment area (ha)

Ground Conditions:

Climate change factor (% rainfall increase)

20

Off site discharge rate 0 l/s

Rainfall Rainfall intensity Flow

Duration 100 yr event 100 yr event 100 yr +cc event

hours mm mm/hr l/s m3

0.5 48.63 97.26 610 1,098

0.75 51.9 69.20 434 1,172

1 54.36 54.36 341 1,227

2 60.77 30.39 191 1,372

3 64.86 21.62 136 1,464

4 67.94 16.99 107 1,534

5 70.42 14.08 88 1,590

6 72.51 12.09 76 1,637

8 75.95 9.49 60 1,715

10 78.72 7.87 49 1,777

12 81.06 6.76 42 1,830

16 86.01 5.38 34 1,942

20 90.05 4.50 28 2,033

24 93.49 3.90 24 2,111

28 96.5 3.45 22 2,179

32 99.19 3.10 19 2,240

36 101.63 2.82 18 2,295

40 103.85 2.60 16 2,345

44 105.91 2.41 15 2,391

48 107.82 2.25 14 2,434

C is calculated from Nomogram, including components of gradient of slope and ground conditions

Assumed bare compacted earth and a relatively shallow slope gradient (1%) 

Run‐off 

Volume



Operational Development

Hardstanding area catchment
1 in 100 Year + CC Run-off Calculated using the Rational Formula

Peak Flow Q=2.78CiA l/s

C 1 Coefficient of run‐off (dimensionless)

i see below Rainfall intensity (mm/hr)

Area  0.4 Catchment area (ha)

Ground Conditions:

Climate change factor (% rainfall increase)

20

Off site discharge rate 0 l/s

Rainfall Rainfall intensity Flow

Duration 100 yr event 100 yr event 100 yr +cc event

hours mm mm/hr l/s m3

0.5 48.63 97.26 130 234

0.75 51.9 69.20 92 249

1 54.36 54.36 73 261

2 60.77 30.39 41 292

3 64.86 21.62 29 312

4 67.94 16.99 23 326

5 70.42 14.08 19 338

6 72.51 12.09 16 348

8 75.95 9.49 13 365

10 78.72 7.87 11 378

12 81.06 6.76 9 389

16 86.01 5.38 7 413

20 90.05 4.50 6 433

24 93.49 3.90 5 449

28 96.5 3.45 5 464

32 99.19 3.10 4 476

36 101.63 2.82 4 488

40 103.85 2.60 3 499

44 105.91 2.41 3 509

48 107.82 2.25 3 518

C is calculated from Nomogram, including components of gradient of slope and ground conditions

Assumed bare compacted earth and a relatively shallow slope gradient (1%) 

Run‐off 

Volume



Operational Development

Subsoil storage catchment
1 in 100 Year + CC Run-off Calculated using the Rational Formula

Peak Flow Q=2.78CiA l/s

C 0.58 Coefficient of run‐off (dimensionless)

i see below Rainfall intensity (mm/hr)

Area  4.7 Catchment area (ha)

Ground Conditions:

Climate change factor (% rainfall increase)

20

Off site discharge rate 0 l/s

Rainfall Rainfall intensity Flow

Duration 100 yr event 100 yr event 100 yr +cc event

hours mm mm/hr l/s m3

0.5 48.63 97.26 884 1,592

0.75 51.9 69.20 629 1,699

1 54.36 54.36 494 1,780

2 60.77 30.39 276 1,989

3 64.86 21.62 197 2,123

4 67.94 16.99 154 2,224

5 70.42 14.08 128 2,305

6 72.51 12.09 110 2,374

8 75.95 9.49 86 2,486

10 78.72 7.87 72 2,577

12 81.06 6.76 61 2,654

16 86.01 5.38 49 2,816

20 90.05 4.50 41 2,948

24 93.49 3.90 35 3,061

28 96.5 3.45 31 3,159

32 99.19 3.10 28 3,247

36 101.63 2.82 26 3,327

40 103.85 2.60 24 3,400

44 105.91 2.41 22 3,467

48 107.82 2.25 20 3,530

C is calculated from Nomogram, including components of gradient of slope and ground conditions

Bare, unconsolidated sandy loam with a relatively steep slope gradient (20%) 

Run‐off 

Volume



Operational Development

Awaiting extraction or areas already restored catcment
1 in 100 Year + CC Run-off Calculated using the Rational Formula

Peak Flow Q=2.78CiA l/s

C 0.35 Coefficient of run‐off (dimensionless)

i see below Rainfall intensity (mm/hr)

Area  7.4 Catchment area (ha)

Ground Conditions:

Climate change factor (% rainfall increase)

20

Off site discharge rate 0 l/s

Rainfall Rainfall intensity Flow

Duration 100 yr event 100 yr event 100 yr +cc event

hours mm mm/hr l/s m3

0.5 48.63 97.26 840 1,513

0.75 51.9 69.20 598 1,614

1 54.36 54.36 470 1,691

2 60.77 30.39 263 1,890

3 64.86 21.62 187 2,017

4 67.94 16.99 147 2,113

5 70.42 14.08 122 2,190

6 72.51 12.09 104 2,255

8 75.95 9.49 82 2,362

10 78.72 7.87 68 2,449

12 81.06 6.76 58 2,521

16 86.01 5.38 46 2,675

20 90.05 4.50 39 2,801

24 93.49 3.90 34 2,908

28 96.5 3.45 30 3,002

32 99.19 3.10 27 3,085

36 101.63 2.82 24 3,161

40 103.85 2.60 22 3,230

44 105.91 2.41 21 3,294

48 107.82 2.25 19 3,354

C is calculated from Nomogram, including components of gradient of slope and ground conditions

Cultivated and underlain by sandy loam with a relatively shallow slope gradient (1%) 

Run‐off 

Volume



Operational Development

Areas being quarried catchment
1 in 100 Year + CC Run-off Calculated using the Rational Formula

Peak Flow Q=2.78CiA l/s

C 0.9 Coefficient of run‐off (dimensionless)

i see below Rainfall intensity (mm/hr)

Area  8.8 Catchment area (ha)

Ground Conditions:

Climate change factor (% rainfall increase)

20

Off site discharge rate 0 l/s

Rainfall Rainfall intensity Flow

Duration 100 yr event 100 yr event 100 yr +cc event

hours mm mm/hr l/s m3

0.5 48.63 97.26 2,570 4,625

0.75 51.9 69.20 1,828 4,937

1 54.36 54.36 1,436 5,171

2 60.77 30.39 803 5,780

3 64.86 21.62 571 6,169

4 67.94 16.99 449 6,462

5 70.42 14.08 372 6,698

6 72.51 12.09 319 6,897

8 75.95 9.49 251 7,224

10 78.72 7.87 208 7,488

12 81.06 6.76 178 7,710

16 86.01 5.38 142 8,181

20 90.05 4.50 119 8,565

24 93.49 3.90 103 8,892

28 96.5 3.45 91 9,179

32 99.19 3.10 82 9,435

36 101.63 2.82 75 9,667

40 103.85 2.60 69 9,878

44 105.91 2.41 64 10,074

48 107.82 2.25 59 10,255

C is calculated from Nomogram, including components of gradient of slope and ground conditions

Assumed as bare London clay base with the steep quarry faces increasing the gradient 

and a relatively shallow slope gradient (3%) 

Run‐off 

Volume



Post Development

Whole Restored Site catchment
1 in 100 Year + CC Run-off Calculated using the Rational Formula

Peak Flow Q=2.78CiA l/s

C 0.35 Coefficient of run‐off (dimensionless)

i see below Rainfall intensity (mm/hr)

Area  25.3 Catchment area (ha)

Ground Conditions:

Climate change factor (% rainfall increase)

20

Off site discharge rate 297 l/s

Rainfall Rainfall intensity Flow

Duration 100 yr event 100 yr event 100 yr +cc event

hours mm mm/hr l/s m3

0.5 48.63 97.26 2,873 4,636

0.75 51.9 69.20 2,044 4,716

1 54.36 54.36 1,606 4,710

2 60.77 30.39 898 4,321

3 64.86 21.62 639 3,685

4 67.94 16.99 502 2,941

5 70.42 14.08 416 2,134

6 72.51 12.09 357 1,285

8 75.95 9.49 280 ‐491

10 78.72 7.87 233 ‐2,338

12 81.06 6.76 200 ‐4,231

16 86.01 5.38 159 ‐7,989

20 90.05 4.50 133 ‐11,843

24 93.49 3.90 115 ‐15,761

28 96.5 3.45 102 ‐19,725

32 99.19 3.10 92 ‐23,723

36 101.63 2.82 83 ‐27,748

40 103.85 2.60 77 ‐31,795

44 105.91 2.41 71 ‐35,860

48 107.82 2.25 66 ‐39,941

C is calculated from Nomogram, including components of gradient of slope and ground conditions

Greenfield agricultural crops underlain by sandy loam and a relatively 

shallow slope gradient (1%) 

Attenuation 

Volume
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1 INTRODUCTION 

1.1 Background 
In November 2013, Ingrebourne Valley Ltd (IVL) submitted a Planning Application for the 
proposed extraction of sand and gravel and restoration with inert fill at Wennington, on the 
outskirts of East London.  The proposed Wennington Quarry (“the Site”) is located 
approximately 1 km south-east of Rainham, in Essex (Figure 1.1).  This application was 
refused by notice on 22 March 2016 but accepted following appeal on 4 May 2017.  
Conditions 15 and 16 of the Appeal Decision (APP/B5480/W/16/3159082) relate to the 
required updates to the proposed Water Management Plan (WMP) originally prepared by 
ESI (2014). 

Dewatering at the Site could change the groundwater flow regime.  Given the proximity of 
the Site to the Inner Thames Marshes Site of Special Scientific Interest (SSSI), a 
Hydrogeological Risk Assessment (HRA) was prepared in response to objections from the 
Environment Agency (EA) and Natural England (NE) (ESI, 2014a).  This HRA demonstrated 
that the risks to groundwater and the Inner Thames Marshes SSSI from quarrying at the Site 
will be negligible and that any impact can be satisfactorily managed.  

The proposed WMP originally prepared by ESI (2014) was developed following discussions 
with the EA in May 2014.  Since this report was finalised, IVL has drilled six monitoring 
boreholes and obtained over two years of baseline data.  This report has been prepared to 
present the proposed baseline monitoring plan for the site to be implemented under a 
Section 106 agreement.  A monitoring program has been set out to characterise the baseline 
conditions for groundwater flow and quality at the Site and proposed monitoring once 
mineral extraction commences.   

The Site will be managed under the terms of an Environmental Permit to prevent any 
potential contaminated groundwater being discharged from the site.  The proposed 
monitoring program will support the application for the Environmental Permit. 

1.2 Objectives and Scope 
The objective of this report is to satisfy conditions 15 and 16 of the Appeal Decision 
(APP/B5480/W/16/3159082).  These conditions are as follows: 

Condition 15 

No development shall take place until a scheme to carry out baseline water quantity 
and quality monitoring for two years, prior to extraction of mineral has been submitted 
to, and approved in writing by, the Local Planning Authority for minerals and waste.  
The approved monitoring scheme shall be implemented and an annual monitoring 
report shall be submitted to the Local Planning Authority for minerals and waste for 
the life of the development hereby permitted for approval. 

Condition 16 

No development shall take place until an updated hydrological monitoring and 
mitigation plan has been submitted to, and approved in writing by, the Local Planning 
Authority for minerals and waste.  This plan shall seek to mitigate for any adverse 
hydrological and water quality impacts, if they arise, during the development, and 
mitigation shall include measures to suspend operations authorised by this 
permission, until such impacts are resolved.   

The monitoring plan shall include a chemical suite assessment which shall include 
the waste acceptance criteria proposed to define inert waste and the plan shall seek 
to include more down grade boreholes, to ensure that monitoring can be maintained 
during the entire development. The approved plan shall be implemented and an 
annual monitoring report shall be submitted to the Local Planning Authority for 
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minerals and waste for the life of the development hereby permitted and the aftercare 
period. 

These conditions will be answered by providing an updated WMP (this report) to include the 
following: 

 Brief review of available monitoring data; 

 Monitoring network to include downgradient monitoring wells in accordance with 
Condition 16; 

 Suggested trigger levels, where applicable, for groundwater and surface water levels 
and quality based on available monitoring data; and  

 Mitigation measures from ESI (2017) to be enforced should the aforementioned 
trigger levels be breached. 

Once this plan is agreed, a review of all available baseline monitoring data will be conducted 
as part of an annual monitoring report.  Following a thorough review of all baseline data, the 
WMP (this report) will be amended as required. 

1.3 Data Sources 
The following reports have been written that relate to the Site: 

 Wennington Proposed Quarry: Hydrogeological Impact Assessment (HIA) (ESI, 
2017); 

 Wennington Proposed Quarry: Flood Risk Assessment (FRA) (ESI, 2017a);  

 Wennington Proposed Quarry: Hydrogeological Risk Assessment (HRA) (ESI, 
2014a); and 

 Wennington Proposed Quarry – Proposed Monitoring Plan (ESI, 2014). 

Full details of the Site including the conceptual model can be found in ESI (2014a) and ESI 
(2017).  This report should be read in conjunction with these reports to provide the basis of 
the conceptual understanding and context used in the design of the monitoring programme.  
ESI (2014) is the basis for this updated report. 

1.4 Report Outline 
This report contains the following: 

 Section 2 details the existing monitoring locations and provides a review of available 
monitoring data; 

 Section 3 details the proposed baseline and operational monitoring regime for the 
Site; 

 Mitigation measures and proposed trigger levels are outlined in Section 4; and 

 Section 5 describes the proposed annual data analysis and reporting. 
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Figure 1.1 Site location 
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2 SURFACE WATER AND GROUNDWATER MONITORING 

2.1 Existing Monitoring Locations 
Monitoring data is available from six boreholes (WEN1 – WEN6) installed at the Site in July 
and August 2014.  Drillers’ logs for these boreholes indicate that they are screened within 
sand and gravel strata.  Table 2.1 provides location and construction details for these 
boreholes and location details of two surface water monitoring locations at the Site.  
Monitoring at these eight locations has been undertaken on an approximately monthly basis 
since installation.  WENSW1 is at the source of a watercourse south-east of the Site, whilst 
WENSW2 is approximately 400 m downstream along the same watercourse. 

Table 2.1 Details of monitoring locations at the Site 
Monitoring 
Location Type Easting Northing Depth (m) Screen 

position (m) 

WEN1 Borehole 554290 181518 4.5 2.5 – 4.5 

WEN2 Borehole 553827 181357 7 1 – 7 

WEN3 Borehole 554103 180965 5.5 1 - 5.5 

WEN4 Borehole 554470 181083 6.5 1 - 6.5 

WEN5 Borehole 554390 181340 8.5 1.5 – 8.5 

WEN6 Borehole 554124 181291 7 1 - 7 

WENSW1 Gauge Board 554343 180930 n/a n/a 

WENSW2 Gauge Board 554233 180547 n/a n/a 

A total of 15 piezometers are installed at the historical Moor Hall Farm Landfill, seven of 
which are installed in the sand and gravel, with the remaining eight installed within the 
waste.  The historical landfill has been restored and is now Ingrebourne Links Golf Course.  
Monitoring locations at the Site and at the adjacent Moor Hall Farm Landfill are shown in 
Figure 2.1.  Water quality and level monitoring at Moor Hall Farm is ongoing and has been 
typically carried out on a quarterly basis since May 2008 by IVL.  Groundwater quality at 
BH10, BH14 and BH18 (located up-gradient of the Site) has previously been assumed to be 
a proxy for the water quality of groundwater inflows to the Site (ESI, 2014).  BH10 and BH14 
remain in situ; however, BH18 was removed in 2015. 

2.2 Available Monitoring Data 
2.2.1 Groundwater levels and flow 
Three years of groundwater level data exist for the six locations at the Site (2014 – 2017).  A 
nine year record of groundwater level data (2008 – 2017) exists for all but three boreholes at 
Moor Hall Farm Landfill.   

Groundwater levels in all of the boreholes are broadly stable for the monitoring period; 
however, a decline in groundwater levels at the Site has occurred since autumn 2016.  This 
decline reached up to 2 m at WEN6 and WEN2 over this period.  This decline is interpreted 
to be caused by dewatering at the adjacent East Hall Farm Quarry operated by Brett 
Aggregates Limited (Brett), which began dewatering in 2016.  Seasonal variations in 
groundwater levels at the Site are generally < 1 m.  Full analysis of water levels at the Site is 
provided by ESI (2017b). 

Based on the available data at the Site, groundwater in the sand and gravel is inferred to 
flow towards the west and south-west.  It is inferred that there is a groundwater divide north 
of the Site and that groundwater beyond this discharges to the Common Watercourse.  
Dewatering by Brett at East Hall Farm to the north of the Site has already changed the 
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pattern of groundwater flow around the northern part of the Site, causing the groundwater 
flow divide to move southwards towards the Site since August 2016.  Groundwater to the 
south of the divide (including the Site) discharges to the drainage ditches and stream to the 
south and south-west.  Groundwater will flow along the interface between the permeable 
sand and gravel and the low permeability clay.  

2.2.2 Surface water levels and flow 
No results are available for WENSW1 because the watercourse was found to be dry on all of 
the monitoring visits.  Water levels, flow and quality data therefore are unavailable from this 
location.   Water levels from the gauge board at WENSW2 indicate that the stream level falls 
below the gauge board elevation during the summer months and over the remainder of the 
year levels can vary from 0 m AOD to around 0.5 m AOD.  There is no obvious decrease in 
level associated with dewatering at East Hall Farm Quarry.  Whilst water levels have been 
recorded, no observable or measurable flow at WENSW2 was possible.  This is thought to 
be because a sluice gate is present downstream of the monitoring location.  Further 
monitoring locations have been investigated however, no other suitable flow monitoring 
locations could be found. 

2.2.3 Water quality 
Table 2.2 compares average and maximum observed concentrations for samples taken from 
the sampling points at Moor Hall Farm that are considered to be representative of upgradient 
groundwater quality (BH10/07, BH14/09 and BH18/09).  This data gives a reasonable 
indication of the likely quality of groundwater inflows to the Site induced from dewatering.  
Any exceedance of the adopted target concentrations (drinking water standards and EQS 
freshwater) in Table 2.2 are shown emboldened.  Based on this analysis, the following 
comments can be made: 

 Potassium concentrations are consistently high. 

 Occasional exceedances of major anions including chloride and sodium and 
magnesium and calcium were detected. 

 Iron and chromium concentrations have exceeded the EQS freshwater standard but 
these exceedances are rare and only the lower EQS limit for chromium was 
breached. 

 The EQS for zinc and copper are pH dependant and the average concentration 
exceeds the lower end of the range only. 

 Average cyanide concentrations are above the target concentration due to 
anomalously high readings at BH18 with other results below the detection limit.  
These results are considered to represent a localised contamination issue and are, 
mostly likely unrepresentative of wider water quality. 

 Groundwater contains some occasional low concentrations of PAHs that are 
considered to originate from the old landfill site at Moor Hall.  

Groundwater quality results are available for the six boreholes installed at the Site.  Water 
quality data is also available at surface water location WENSW2.  At the Site, groundwater 
quality data shows no exceedances of EQS or DWS for PAH.  This suggests that PAH 
groundwater contamination is localised around the historical landfill to the east.  Five of the 
monitoring locations show exceedances of nitrate.  The source of this is likely to be from the 
existing overlying agricultural land as high nitrate concentrations have not been detected at 
Moor Hall Farm (see Table 2.1).  As at Moor Hall Farm, elevated concentrations of 
potassium have been recorded in four of the monitoring locations, this is also likely to be due 
to agricultural impacts.  Concentrations of copper are regularly above the lower EQS limit, as 
is the case at the landfill.  Surface water quality at WENSW2 shows similar patterns to 
groundwater quality.  ESI (2017b) contains an analysis of the available data. 
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A thorough review of all water quality data will be provided as part of the annual baseline 
monitoring report. 
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Table 2.2 Groundwater quality at Moor Hall Farm (BH10, BH14 and BH18) 

Determinand Unit No. of 
samples 

No. of 
samples 
above 

detection limit 

No. of samples 
above quality 

standard 
Average1,2 Maximum2 

Target Concentration 

UK DWS / 
WHO 

EQS 

freshwater  

Chloride mg/l 44 44 8 128 733   250 
Nitrate - N mg/l 44 41 0 2.47 8.54 11.3   
Sulphate mg/l 44 43 9 245 835   400 
Sodium  mg/l 44 44 8 80.5 395   170 
Potassium  mg/l 44 44 35 21.5 56.1 12   
Calcium mg/l 44 44 9 163.6 403    
Magnesium mg/l 44 44 9 21.0 78.1    
Iron mg/l 21 13 2 0.70 9.3   1 
Zinc mg/l 21 21 5 0.011 0.097   0.008 to 0.5 
Lead mg/l 21 9 0 0.00009 0.008   0.004 to 0.25 
Copper mg/l 21 20 20 0.0051 0.0093   0.001 to 0.028 
Nickel mg/l 21 21 0 0.00044 0.0019   0.05 to 0.2 
Cadmium mg/l 21 7 3 0.00021 0.00185   0.005 
Chromium mg/l 21 19 4 0.0036 0.011   0.005 to 0.25 
Cyanide mg/l 21 5 5 0.10 0.86 0.05   
Mercury µg/l 19 1 1 <0.00001 0.013   1 
Phenol  mg/l 21 0 0 <0.03 <0.03   0.03 
Total PAH mg/l 19 13 0 0.0037 0.028   0.1 
Acenapthene µg/l 19 5 4 0.39 3.29   0.1 
Acenaphthylene µg/l 19 7 2 0.031 0.14   0.1 
Anthracene µg/l 19 9 2 0.036 0.14   0.1 
Fluoranthene µg/l 19 12 7 0.16 0.92   0.1 
Fluorene µg/l 19 5 4 0.12 0.72   0.1 
Naphthalene µg/l 19 4 4 2.21 26.1   0.1 
Phenanthrene µg/l 19 12 4 0.099 0.80   0.1 
Pyrene µg/l 19 15 9 0.15 0.66   0.1 

1Where results are less than detection limit, the detection limit was used to calculate the average concentration. 
2Where results are in bold, the target concentration is exceeded. 
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Figure 2.1 Groundwater and surface water monitoring locations 
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3 MONITORING REQUIREMENTS 

3.1 Potential Receptors 
Potential receptors that could be affected by quarrying activities at the Site have been 
highlighted by the HIA (ESI, 2017).  These include: 

 Groundwater quality in underlying Taplow Gravel aquifer; 

 Flow depletion in neighbouring drains, including the Common Watercourse, although 
this is less likely due to distance, and is more likely to be impacted by the adjacent 
workings to the north at East Hall Farm; 

 Surface water quality in downgradient watercourses and ditches (possible effects 
from abstraction of contaminated groundwater, fuel spillage and release of 
suspended solids); 

 Reduction in level of pond south-east of the Site; and 

 Effects on surface water abstraction licence 08/37/55/0102 licenced to abstraction up 
to 53 l/s from three locations on the Common Watercourse north of the Site. 

The HIA indicates that only water quality impacts are thought to be significant (i.e. degree of 
impact was specified as minor or negligible for all other effects) (ESI, 2017).  Such water 
quality impacts can be mitigated through the application of standard good practice.  
Monitoring will validate the existing conceptual site model and confirm these findings.  
Mitigation is only necessary for receptors where the impact is significant however, in this 
case mitigation and monitoring measures are also proposed for minor impacts on a 
precautionary basis. 

3.2 Proposed Monitoring 
3.2.1 Locations 
It is proposed that the existing monitoring scheme undertaken by IVL continues, 
supplemented by additional monitoring as quarrying and associated dewatering takes place.  
The proposed monitoring scheme is considered to be appropriate to validate the conceptual 
site model and to determine whether any impacts have been caused at the potentially 
vulnerable receptors.  This is because levels, flows and quality will be monitored at these 
receptors and/or intervening points between the receptors and the Site.  A summary of the 
proposed monitoring network is outlined below: 

 Rainfall data to be obtained from the closest EA or Met Office rain gauge. 

 Water level monitoring will be undertaken at: 

o All six on-site monitoring wells (WEN1 – WEN6); 

o WENSW2; and 

o The quarry sump. 

 Groundwater level records from Moor Hall Farm Landfill should be obtained annually. 

 Water quality will be monitored at: 

o All six on-site monitoring wells (WEN1 – WEN6); 

o The surface water monitoring location WENSW2; 

o The quarry discharge location when this is in place; and 

o Water quality records from Moor Hall Farm Landfill should be obtained 
annually. 

 Flow/discharge rates will be measured at: 



Wennington Quarry – Proposed Monitoring Plan Page 10 
 

Report Reference: 61594TN3Rev02 
Report Status: Final report 

o The discharge location to determine the discharge rate. 

The proposed monitoring scheme is considered to be appropriate to obtain a complete 
baseline data set.  Once quarrying activities commence, the proposed monitoring network 
should be extended to include discharge rate and water quality at the discharge location.  
WEN2 and WEN3 lie within the calculated radius of influence at the edge of the Site 
boundary and are considered to be suitable groundwater monitoring locations for monitoring 
any downgradient effects.  WENSW2 will monitor downstream surface water levels, quality 
and, if possible, flow.  The proposed monitoring scheme is summarised in Table 3.1 

Monitoring at WEN6 will cease once this location has been removed by quarrying. 

Table 3.1 Proposed monitoring scheme 
Monitoring Location Monitoring Methodology and 

Frequency 
Comment 

Groundwater monitoring 
WEN1 Monthly manual level dips and 

water quality monitoring of 
parameters in Table 3.2 with the 
frequency being either quarterly 
or annual depending on the 
parameter. 

Water quality monitoring 
may change during 
operation according to 
Section 3.2.2. 

WEN2 

WEN3 

WEN4 

WEN5 

WEN6 

Moor Hall Farm Landfill 
wells 

Obtaining data annually Data to be obtained annually 
and assessed as part of 
annual review. 

Quarry discharge Monthly groundwater quality 
monitoring. 

To begin when discharge 
commences. 

Surface water monitoring 

WENSW2 Monthly monitoring of water levels 
at the gauge board. 

 

Flow measurements 

Quarry discharge Daily flow measurements using a 
flow meter or similar. 

When dewatering 
commences 

 

3.2.2 Water quality monitoring 
Groundwater samples will be taken from all six boreholes at the Site, plus the quarry 
discharge when excavation and dewatering at the site commences.  Procedures for water 
quality monitoring and sampling are described in Appendix A and B.  The frequency of water 
quality measurements should be reviewed along with the monitoring results annually.   

The proposed suite for water quality monitoring has been informed by groundwater and 
surface water quality data available from the Site and Moor Hall Farm landfill.  Moor Hall 
Landfill is a potential source of ammonia, sulphate, phenol and PAH pollution.  However, the 
available water quality data suggests that the pollution effects are relatively localised and 
may therefore be of limited significance. 

Determinands to be analysed are presented in Table 3.2 along with the frequency, Minimum 
Reporting Value (MRV), units and fraction.  Determinands have been selected to include 
suitable baseline data for comparison against standard Waste Acceptance Criteria (WAC) 
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analyses for inert material if required.  Prior to quarrying, a thorough review of the available 
baseline data will be undertaken.  Amendments will be made to Table 3.2 if this is 
considered necessary following the review.  
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Table 3.2 Minimum reporting values for groundwater analysis 
Determinand  Frequency Total/Dissolved MRV  Units 
Alkalinity as CaCO3 Q D 5 mg/l 
Ammoniacal nitrogen as N Q D 0.06 mg/l 
Antimony A D < 1.7 µg/l 
Arsenic A D 0.1 mg/l 
Barium A D < 0.05 µg/l 
BOD + ATU (5 day) Q T 1 mg/l 
BTEX Q T <1 µg/l 
Cadmium A D 0.3 µg/l 
Calcium Q D 0.09 mg/l 
Chloride Q D 2 mg/l 
Chromium A D 0.001 mg/l 
COD (total) Q D 20 mg/l 
Conductivity – electrical 20 deg Q T 30 µg/l 
Copper A D 0.001 mg/l 
D.O. concentration Q D 0.5 mg/l 
Dissolved Solids Q T < 4 µg/l 
Fluoride Q D < 50 µg/l 
Ionic balance Q D 0 % 
Iron A D 30 µg/l 
Lead A D 0.002 mg/l 
Magnesium Q D 0.009 mg/l 
Manganese A D 0.003 mg/l 
Mercury A D 0.01 µg/l 
Molybdenum A D < 0.4 µg/l 
Nickel A D 0.0009 mg/l 
Nitrogen (total oxidised) as N Q D 0.3 mg/l 
pH Q T 0 pH units 

Phenol A T 0.1 mg/l 

Potassium Q D 0.11 mg/l 
Selenium A D < 4 µg/l 
Sodium Q D 0.17 mg/l 
Sulphate as SO4 Q D 5 mg/l 
Temperature Q T - ° C 
TOC (filtered) Q T 0.3 mg/l 
Zinc A D 0.002 mg/l 

 
1 Q – Quarterly, A - Annual 
2 T – Total, D – Dissolved fraction 
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4 MITIGATION MEASURES 

4.1 General Approach 
The objective of the mitigation measures defined in this WMP is to develop a robust and 
practical system that protects the receptors identified in the HIA (ESI, 2017) as being 
potentially at risk from the quarrying operation.  As is discussed above, the degree of impact 
at each water level receptor is inferred not to be significant and therefore mitigation will not 
be necessary.  However, to be conservative, trigger levels and mitigation measures are 
proposed to ensure protection of those receptors where the degree of impact is expected to 
be minor. 

The general approach proposed for mitigation at this site is described below as follows: 

 Carry out baseline monitoring to define the ‘natural’ range of conditions at the Site 
(there is three years of baseline data already available). 

 For each relevant receptor define a trigger level at appropriately selected monitoring 
sites.  Control levels have not been set as impacts are not expected to be significant. 

 Unacceptable derogation will have occurred when water levels fall below the trigger 
level. 

 Once derogation has been identified, appropriate mitigation measures will be 
implemented. 

The definition of target levels based on historical data series assumes that future climatic 
conditions are similar to those in the baseline period.  If future climate conditions are 
significantly different to current conditions, the selection of target levels should be 
reconsidered.  Trigger levels set here are interim values based on a brief review of 
monitoring data and will be updated at the baseline data review stage. 

The mitigation measures discussed in this section fall into three categories: 

 Maintenance of water levels at neighbouring receptors; 

 Maintenance of surface water flows at the SSSI; and 

 Protection of water quality. 

The receptors highlighted in Section 3.1 are split into these categories and trigger levels are 
assigned in the following section.   

Dewatering activities at East Hall Farm Quarry could also affect neighbouring receptors and 
the mitigation measures that are undertaken should be a consider this where quarrying 
activities at both sites are responsible for the effect (see Section 4.2.3). 

4.2 Maintenance of Water Levels 
4.2.1 Receptors 

 Reduction in level of pond south-east of the Site; and 

 Effects on surface water abstraction licence 08/37/55/0102 licenced to abstract up to 
53 l/s from three locations on the Common Watercourse north of the Site. 

4.2.2 Trigger levels 
Surface water levels are not monitored at the pond south-east of the Site, as it is not within 
the Company’s ownership.  However, based on the conceptual model, groundwater is 
understood to be in hydraulic continuity with surface water and consequently, groundwater 
levels will represent a reasonable proxy for surface water levels.  The HIA indicates that the 
receptor value of the pond in the south-eastern part of the Site is “Low” and the degree of 
impact is minor which is not considered to be significant but it is proposed to monitor and 
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mitigate on a precautionary basis.  Therefore, at this stage, it is considered appropriate to 
set trigger levels at three standard deviations below the mean at the two closest monitoring 
locations; WEN3 and WEN4.  Trigger levels for the pond in the south-east are given in Table 
4.1.  To date these levels have not been breached.  If levels in these boreholes were to dip 
below these trigger levels, effects on the pond could exceed those predicted by the HIA. 

The HIA indicates that the degree of impact at the licenced surface abstraction is expected 
to be minor (i.e. effects will not be significant) (ESI, 2017).  Given this and the distance of the 
abstraction from the Site, no trigger levels are proposed here.  The conceptual model will be 
reviewed on an annual basis and if monitoring results suggest an impact is more likely than 
is currently anticipated, appropriate trigger levels will be set.   

Table 4.1 Pond trigger levels 
Monitoring Location Trigger Level (m AOD) Comment 

WEN3 0.08 Trigger levels are three standard 
deviations below the mean WEN4 1.86 

 

4.2.3 Mitigation measures 
If an unacceptable reduction in pond level south-east of the Site occurs, this will be mitigated 
by augmenting inflows with water abstracted from the quarry void.  Such a measure will only 
be possible if the water quality of the dewatering water is acceptable.  If this water quality is 
not suitable, dewatering and associated activities will cease at the Site until levels have 
recovered or water quality is acceptable to discharge. 

To mitigate any effect on the surface water abstraction, it may be necessary to augment flow 
in the Common Watercourse.  East Hall Farm Quarry is closer to the Common Watercourse 
and dewatering at this development is more likely to impact on this abstraction.  Any effect 
on the Common Watercourse and the abstraction will therefore most likely be due to 
dewatering by Brett given the proximity of East Hall Farm Quarry to the watercourse.  
Accordingly, it is assumed that any adverse effects on flows in the first instance will be 
mitigated by Brett.  IVL will ensure that any adverse impacts on flows caused by operations 
at the Site will be mitigated.  However, given the potentially cumulative nature of effects 
resulting from both operations, in practice it is expected that a joint approach to mitigation 
with be required.  . 

4.3 Maintenance of Surface Water Flows 
4.3.1 Receptors 

 Decreased baseflow to drains that could lead to reduced flows at the SSSI. 

4.3.2 Trigger levels 
There will be very little consumptive use of water at the Site (ESI, 2014a).  However, 
dewatering water will be discharged to a neighbouring surface water feature.  The precise 
discharge location is not yet decided; however, if it is decided to discharge water to the 
surface water features south of the Site, there will be no adverse effect on surface water 
flows.  If considered necessary, trigger levels will be set at the baseline data review stage 
once the discharge location is known.  The conceptual model will be continually reviewed on 
an annual basis, and if the conceptual model changes, possible effects on baseflow will be 
reviewed. 

4.3.3 Mitigation measures 
An unacceptable reduction in surface water levels and flows in adjacent drains will be 
mitigated by augmenting flows with dewatering water.  Such a measure will only be possible 
if the water quality of the dewatering water is acceptable.  If this water quality is poor, 
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dewatering and associated activities will cease at the Site until levels have recovered or 
water quality is acceptable to discharge. 

4.4 Protection of Groundwater and Surface Water Quality 
The quality standard to be achieved by the discharge of dewatering water from the quarry 
void will be specified by a discharge consent to be issued by the EA.  This standard will in 
turn be dependent on the discharge location, which is to be determined.  Water quality action 
levels will be set out in the final WMP.  If necessary, settling lagoons or other appropriate 
quality control systems will be implemented to ensure that the conditions of the discharge 
consent are complied with. 

Water quality monitoring requirements, including quality standards, are detailed in Section 
3.2.2.  Inert fill design will ensure no release of contaminants dealt with under environmental 
permitting before inert fill begins to be deposited at the Site.  A detailed HRA will be 
submitted with the environmental permitting application to address concerns related to inert 
filling.  
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5 DATA REVIEW AND REPORTING 

5.1 Baseline Data Review and Reporting 
Baseline data collected to date is considered to be sufficient to satisfy the requirements of 
this WMP.  Once this WMP has been approved by the Mineral Planning Authority (MPA), the 
EA and NE, all of the baseline data will be reviewed as part of an annual report. 

This annual reporting should be undertaken by a suitably qualified person and include a 
comprehensive review of all baseline data collected at the Site.  A full baseline data report 
reviewing all of the available baseline dataset will be submitted prior to the start of mineral 
extraction at the Site.  Based on the review of baseline data, the operational WMP (this 
document) will be amended as is necessary.  This baseline data review will be submitted as 
an annual report to the Mineral Planning Authority (MPA), the EA and Natural England (NE).  

Existing monitoring data will be analysed with reference to local rainfall data to gain an 
understanding of how the system responds hydrologically.  Based on this understanding, the 
conceptual model for the Site may be revised.  Any changes to receptors will be 
incorporated into the revised WMP. 

5.2 Operational Data Review and Reporting 
Regular monitoring and reporting of the hydrological regime will be undertaken according to 
the monitoring requirements stipulated in Section 3 to ensure any adverse hydrological and 
water quality impacts are detected and mitigated if certain trigger levels are breached.   

Once quarrying activities commence, an Annual Monitoring Report will be compiled detailing 
monitoring that has been undertaken during the year.  Part of this report will cover 
dewatering and the associated discharge related impacts and monitoring (the subject of this 
WMP).  The remainder of the annual report will cover inert filling and confirm compliance 
with water quality standards.  The dates from which the annual report will begin and end are 
dependent on when quarrying activities commence.  Monitoring data will be collated, 
analysed and presented.  The annual report must be prepared by a suitably qualified 
technical person, and will present the following data: 

 Groundwater and surface water levels; 

 Rainfall data (from a neighbouring EA rain gauge); 

 Water quality (measured on Site);  

 Updated topographic data 

 Dewatering volumes (measured on Site); and 

 Discharge rates (measured on Site). 

As part of the annual reporting process, a review of the hydrogeological conceptual model 
and impact assessment will be undertaken to determine if any of the observed parameters 
have deviated from the baseline conditions.  If a deviation is noticed, a review of the 
conceptual model will be undertaken and proposals for additional monitoring and mitigation 
measures will be made as is appropriate.  A simple water balance including rainfall and 
dewatering volumes will identify the extent to which quarry dewatering is affecting water 
levels in the aquifer. 

Any issues with existing monitoring locations at the Site, including the requirement for 
replacement boreholes, if these have been removed by quarrying, will be reviewed annually.  
If any monitoring locations have been removed, requirements for replacement will be agreed 
with the EA. 

This annual report will be circulated to key stakeholders including NE, the EA and the MPA.  
In the event of any significant environmental effects being noted, the EA will be notified using 
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a form as presented in Appendix C.  Submission to the EA will be made within 48 hours of 
the event being noted. 

The monitoring requirements (Section 3) and mitigation measures (Section 4) in the WMP 
will be reviewed and agreed by the EA and IVL once every two years.  The purpose of this 
recurring review will be to ensure that the WMP continues to safeguard receptors without 
imposing unnecessary or impractical constraints on the development.  Either party will have 
the right to call interim meetings to discuss specific issues should the need arise. 
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APPENDIX A 
 

Surface Water Monitoring Procedure 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



 

 

Monitoring Equipment 
Appropriate sample bottles, bailer/sampling devise, cool box.  
Pre-Sampling Procedures 
Two weeks (or more) prior to sampling:  
1. Check with the laboratory in advance to ensure it will be able to cope with the number 

of samples and the determinands required on the appointed day. Commercial 
laboratories may require less notice than in-house facilities but it is recommended that 
the laboratory is contacted at least two weeks before the sampling round is due. 

2. NOTE: Analysis must be carried out by laboratories holding UKAS accreditation for the 
procedures that are to be employed. Proof of UKAS accreditation together with details 
of the analytical techniques must be obtained for each laboratory used and filed in the 
Working Plan. 

3. Check the amount of sample required, whether any special fixatives are necessary 
and what type of sampling container(s) should be used and that suitable sampling 
containers are available or there is still time for the laboratory to supply them.  

4. Check the determinands to be analysed, how many samples are required and which 
locations are to be sampled. Contact the analyst and agree a date for the delivery of 
samples, advise the laboratory how many samples and what determinands will be 
required and request sample bottles if necessary. Allow for QA samples if necessary, 
see below. 

The day before or immediately prior to sampling. 
Before proceeding on a monitoring round a number of preliminary checks should be made 
by monitoring personnel to ensure that they: 

• Have all their necessary protective equipment (including gloves). 

• Have any cuts on the hands or forearms covered with waterproof plasters and the 
equipment should include a spare pack of waterproof plasters.  

• Have all the necessary sampling equipment and that it is clean and in good working 
order (bailer, cool box etc.). 

• Have their notebook or data recording device. 

• Have at least 2 waterproof marker pens (i.e. 1 plus a spare). 

• Have the means to gain access to the monitoring points that require sampling (e.g. 
keys, spanners, screwdrivers etc.). 

• Have a sufficient number of clean sample containers (with any necessary 
preservatives) and labels available (N.B. allow for at least one spare container). 

Sampling Procedure  
Ensure that any sample taken is representative of the water flowing within the watercourse.  

Ensure that the sample is not contaminated by the sampling procedure. 

A safe system of work should be observed; personnel must wear protective clothing and not 
smoke in the vicinity of the monitoring point.  

  



 

 
 

For sampling: 

• Check the monitoring location and reference number and write this in the notebook (or 
data recorder). 

• Note anything unusual about the monitoring location. 

• Note the level of water flowing within the channel.  

• Provided that the sample bottle does not contain any fixative chemicals, rinse sample 
bottle twice with water from the watercourse and discard water. If the sample bottle 
contains fixative do not rinse. 

• Use a bailer to slowly fill bottle with the water sample until water overflows from the 
bottle unless the bottle contains fixative chemicals in which case ensure that none of 
the fixative is lost. Take care to cause the minimum of agitation and aeration during 
sampling.  

• Seal so that it is airtight (i.e. there is no airspace). This procedure ensures that the 
minimum amount of air is allowed in contact with the sample. 

• Label the sample bottle with the following information, Date, Time, Site, Location, 
and/or Sampling Point Number. 

• Note anything unusual about the sample e.g. its odour, colour, presence of foreign 
bodies, etc. 

Sample Storage and Delivery 
A cool box(s) should be used for the immediate storage of samples taken during a sampling 
round and for transportation to the laboratory. 

If samples cannot be delivered to the laboratory on the day of collection they should be 
stored overnight in a refrigerator and delivered the following day in a cool box or refrigerated 
vehicle. 

Complete, sign and date a chain of custody record to accompany the sample to the 
laboratory. 

Provide the analyst with a written order that details which determinands are to be tested for 
and any pre-analysis preparation that is required (e.g. filtering of the sample), ensuring that it 
is clear that the standard procedures for The Company contract are to be followed. 

Before leaving site, make a note in the Site Diary to record the date of the sampling round 
and the date the samples were delivered to the laboratory. 

On handing over samples ensure that the person receiving completes the chain of custody 
record and obtain a signed copy. 

When the results are received from the laboratory, ensure that the chain of custody is intact 
confirm the date in the Site Diary and in the notebook. 
Analysis Results 
The analysis results will be entered onto The Company environmental database. The 
original certificates of analysis will be placed on file at The Company’s Area Office with a 
copy being sent to site for filing in the Landfill Manager’s office (during the operational life of 
the site). 



APPENDIX B 
Groundwater Monitoring Procedure 



Monitoring Equipment 

• Dip meter;

• Appropriate sample bottles with any necessary preservatives;

• Labels and waterproof markers;

• Flexible hose;

• Graduated bucket;

• Notebook or data recording device;

• Equipment for accessing boreholes (e.g. keys, spanners, screwdrivers, etc);

• Gloves and other relevant PPE;

• Spare waterproof plasters.

Pre-Sampling Procedures 
Two weeks (or more) prior to sampling: 
1. Check with the laboratory in advance to ensure it will be able to cope with the number of

samples and the determinands required on the appointed day.  Commercial laboratories
may require less notice than in-house facilities; but it is recommended that the
laboratory is contacted at least two weeks before the sampling round is due.

NOTE: Analysis must be carried out by laboratories holding UKAS accreditation for the
procedures that are to be employed.  Proof of UKAS accreditation together with details
of the analytical techniques must be obtained for each laboratory used and filed in the
Working Plan.

2. Check the amount of sample required, whether any special fixatives are necessary and
what type of sampling container(s) should be used and that suitable sampling containers
are available or there is still time for the laboratory to supply them.

3. Check that required bottles have been ordered and delivered to agreed location.

The day before or immediately prior to sampling: 
Before proceeding on a monitoring round a number of preliminary checks should be made 
by monitoring personnel to ensure that they: 

1. Have all their necessary protective equipment (including gloves).

2. Have any cuts on the hands or forearms covered with waterproof plasters and the
equipment should include a spare pack of waterproof plasters.

3. Have all the necessary sampling equipment and that it is clean and in good working
order (bailer, dipper, portable Waterra pump, graduated bucket, cool box etc.).

4. Have their notebook or data recording device.

5. Have at least 2 waterproof marker pens (i.e. 1 plus a spare).

6. Have the means to gain access to the monitoring points that require sampling (e.g.
keys, spanners, screwdrivers etc.).

7. Have a sufficient number of clean sample containers (with any necessary preservatives)
and labels available (N.B. allow for at least one spare container).

8. Have a measuring container for gauging the volume of groundwater removed during
purging of the boreholes.

9. Have details of the depths and diameters of the monitoring wells so that purging
volumes can be calculated.



Groundwater Monitoring and Sampling Procedure 
General 
Ensure that any sample taken is representative of the groundwater in the ground. 

Ensure that sufficient time is allowed for sampling each monitoring point to enable fresh 
groundwater to be taken. 

Ensure that the sample is not contaminated by the sampling procedure. 

A safe system of work should be observed; personnel must wear protective clothing and not 
smoke in the vicinity of the monitoring point. 

Groundwater Level Monitoring Procedure 
1. Check the monitoring location and reference number and write this in the notebook (or

data recorder).

2. Note anything unusual about the monitoring location e.g. damage.

3. Lower the dip-meter probe until the buzzer sounds.

4. Raise the probe slowly until the buzzer stops.

5. Lower the probe slightly until the buzzer just begins to sound.

6. Read the level of groundwater below the datum point from the tape and note the depth.
Groundwater Sampling Procedure 
1. Check the monitoring location and reference number and write this in the notebook (or

data recorder).

2. Note anything unusual about the monitoring location, e.g. damage.

3. Measure the level of groundwater in the monitoring well using dip meter.

4. Note depth in notebook and calculate approximate depth of water column within the well.

5. Calculate the volume of groundwater within the well.

6. Pump out three times the standing volume of groundwater and discard.

7. Provided that the sample bottle does not contain fixative chemicals, rinse sample bottle
twice with groundwater form latter part of purging operation and rinse outer part of
sampling tube.  Discard groundwater.  If the sample bottle contains fixative do not
rinse.

8. Re-insert the rinsed tube to the base of the bottle and fill bottle with the water sample.
Continue to pump water into the bottle once full so that excess sample overflows from
the bottle.  Ensure that the equivalent of several bottle-volumes of water are passed
through the bottle, unless the bottle contains fixative chemicals in which case ensure that
none of the fixative is lost.

9. Carefully withdraw the sample tube whilst still pumping so that the bottle is completely
full.

10. Seal so that it is airtight (i.e. there is no airspace).  This procedure ensures that the
minimum amount of air is allowed in contact with the sample.

11. Label the sample bottle with the following information, Date, Time, Site, Contents,
Location and/or Sampling Point Number.

12. Note anything unusual about the sample e.g. its odour, colour, presence of foreign
bodies etc.



Sample Storage and Delivery 
Complete, sign and date a chain of custody record to accompany the sample to the 
laboratory. 

Provide the analyst with a written order that details which determinands are to be tested for 
and any pre-analysis preparation that is required (e.g. filtering of the sample), ensuring that it 
is clear that the standard procedures for The Company contract are to be followed. 

Before leaving site, make a note in the Site diary to record the date of the sampling round 
and the date the samples were delivered to the laboratory. 

On handing over samples ensure that the person receiving completes the chain of custody 
record and retain a signed copy. 

Analysis Results 
The analysis results will be entered onto The Company environmental database. The 
original certificates of analysis will be placed on file at The Company’s Area Office. 



APPENDIX C 
Notification Form 



 

 

Part A 

Permit Number  

Name of operator  

Location of Facility  

Time and date of the detection  

 

(a) Notification requirements for any malfunction, breakdown or failure of equipment or techniques, accident, or 

emission of a substance not controlled by an emission limit which has caused, is causing or may cause 

significant pollution 

To be notified within 24 hours of detection 

Date and time of the event  

Reference or description of the 

location of the event 

 

Description of where any release into 

the environment took place 

 

Substances(s) potentially released  

Best estimate of the quantity or rate of  

release of substances 

 

Measures taken, or intended to be 

taken, to stop any emission 

 

Description of the failure or accident.  

 

(b) Notification requirements for the breach of a limit 

To be notified within 24 hours of detection unless otherwise specified below 

Emission point reference/ source  

Parameter(s)  

Limit  

Measured value and uncertainty  

Date and time of monitoring  

Measures taken, or intended to be 

taken, to stop the emission 

 

 

Time periods for notification following detection of a breach of a limit 

Parameter Notification period 

  

  

  
 



 

 

(c) Notification requirements for the detection of any significant adverse environmental effect 

To be notified within 24 hours of detection 

Description of where the effect on the 

environment was detected 

 

Substances(s) detected  

Concentrations of substances 

detected 

 

Date of monitoring/sampling  

   Part B - to be submitted as soon as practicable 

Any more accurate information on the matters for 

notification under Part A. 
 

Measures taken, or intended to be taken, to prevent a 

recurrence of the incident 
 

Measures taken, or intended to be taken, to rectify, limit 

or prevent any pollution of the environment which has 

been or may be caused by the emission 

 

The dates of any unauthorised emissions from the facility 

in the preceding 24 months. 
 

 

Name*  

Post  

Signature  

Date  

     * authorised to sign on behalf of the operator 
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provided by ESI solely for the internal use of its client.  

The advice and opinions in this report should be read and relied on only in the context of the report as 
a whole, taking account of the terms of reference agreed with the client.  The findings are based on 
the information made available to ESI at the date of the report (and will have been assumed to be 
correct) and on current UK standards, codes, technology and practices as at that time.  They do not 
purport to include any manner of legal advice or opinion.  New information or changes in conditions 
and regulatory requirements may occur in future, which will change the conclusions presented here. 

This report is confidential to the client.  The client may submit the report to regulatory bodies, where 
appropriate.  Should the client wish to release this report to any other third party for that party’s 
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as expressly agreed with ESI in writing. 

 Name Signature 

Author Bob Sargent, Chris 
Woodhouse  

Checked by Barnaby Harding 
pp 

Reviewed by Barnaby Harding 
pp 

 
 



Wennington Quarry: Outlet Design to meet Planning Condition 17 Page i  
 

Report Reference: 61594TN4 
Report Status: Final Report 

CONTENTS 

1 OUTLET DESIGN TO MEET CONDITION 17 ......................................................... 1 

1.1 Background ............................................................................................................. 1 

1.2 Attenuation Requirements at the Site ...................................................................... 1 

1.3 Planning Condition 17 ............................................................................................. 1 

1.4 Attenuation Pond Design ......................................................................................... 1 

1.5 Discharge Structure ................................................................................................. 2 

1.6 Outlet Design .......................................................................................................... 3 

2 REFERENCES ........................................................................................................ 4 
 
FIGURES 
Figure 1.1 Plan view of the Site showing the attenuation pond .............................................. 2 
Figure 1.2 Discharge curve for proposed weir ....................................................................... 3 
 
 
 



Wennington Quarry: Outlet Design to meet Planning Condition 17 Page 1 
 

Report Reference: 61594TN4 
Report Status: Final Report 

1 OUTLET DESIGN TO MEET CONDITION 17 

1.1 Background 
This technical note describes the outlet design that is required to address Condition 17 of the 
Appeal Decision dated 4 May 2017 (reference: APP/B5480/W/16/3159082) for the proposed 
Wennington Quarry (the Site).  The Site is located approximately 2 km south-east of 
Rainham in Greater London and is centered on National Grid Reference 554136, 181251 
(nearest post code: RM13 9DU).  Further details regarding the Site and the proposed water 
management strategy are provided by the Flood Risk Assessment (FRA) that accompanied 
the Planning Application (ESI, 2017).   

1.2 Attenuation Requirements at the Site 
After restoration it is proposed to collect run-off from the Site in an attenuation pond on the 
southern boundary of the Site.  This attenuation feature will discharge into an existing 
drainage ditch which flows offsite into the pond in the garden to the south of the Site.  This 
drainage ditch currently receives run-off from the Site. 

The attenuation pond is intended to store excess run-off from the restored surface so the 
outlet does not exceed the existing greenfield runoff rate.  This run-off rate has been 
calculated as 297 l/s for the 1 in 100 annual exceedance event (ESI, 2017).  To ensure that 
this rate is not exceeded after restoration for the 1 in 100 annual exceedance event with a 
30% allowance for climate change, ESI (2017) calculated that an attenuation volume of 
1,285 m3 is required.  Figure 1.1 shows the proposed location of the attenuation pond and 
weir at the Site. 

1.3 Planning Condition 17 
Planning permission for the Site was obtained on appeal on 4 May 2017, subject to planning 
conditions.  One of these, Planning Condition 17, requires an outlet design for the proposed 
attenuation pond to ensure the calculated greenfield discharge rate of 297 l/s is not 
exceeded during the 1 in 100 year event, as follows: 

“Details of the proposed flow control device to be fitted to ensure discharge at the 
pre-development rate of 297 l/s for a 1 in 100 year storm event shall be submitted to, 
and approved in writing by, the Local Planning Authority for minerals and waste. The 
approved details thereafter shall be implemented on-site and maintained for the life 
of the development hereby permitted.”  

This technical note provides the details of the proposed flow control device required to meet 
this condition. 

1.4 Attenuation Pond Design 
Details of the attenuation pond are provided in the accompanying FRA (ESI, 2017).  The 
surrounding ground level is at approximately 3.0 m Above Ordnance Datum (AOD).  To meet 
National Planning Policy Framework (NPPF) requirements, a freeboard of 300 mm is 
required above the design top water level of the pond.  Therefore, the maximum water level 
for the 1 in 100 design event should be 2.7 m AOD.  The outlet level is required to be 
2.3 m AOD, so that the head above the outlet for the design event is less than or equal to 
0.4 m. 

The base of the attenuation pond can be at any level below the outlet.  LiDAR data indicates 
that water levels in the pond south of the Site are approximately 2 m AOD.  Assuming that 
the pond is in hydraulic continuity with groundwater, groundwater levels are expected to be 
at around 2.0 m AOD.  It has suggested that a permanent water level in the attenuation pond 
would have habitat benefits.  For the purposes of this technical note, a basal level of 
2.0 m AOD has been assumed.  If the basal level were lower than 2 m AOD, or at a variety 
of levels to maximise habitat value, this also would have no impact on the attenuation 
performance of the pond. 
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To provide a storage capacity of 1,285 m3 with a depth of 0.4 m, a pond with vertical sides 
would require a surface area of 3,212.5 m2.  Figure 1.1 shows the surface expression of the 
attenuation pond with this area.  It is assumed that the side slopes of the pond would be a 
maximum of 1:3 to meet CIRIA guidelines (Ciria, 2015).  Accordingly, it is suggested that the 
area of the attenuation pond should be a minimum 3,212.5 m2 at the outlet level of 2.3 m 
AOD and that the sides should slope upward from this level.  This would provide a greater 
volume than 1,285 m3 at the design level of 2.7 m AOD and thus is a conservative approach.  
It also allows for a more natural irregular outline of the pond to fit the topography without 
compromising the attenuation performance. 

Figure 1.1 Plan view of the Site showing the attenuation pond 

 
1.5 Discharge Structure  
The outlet structure is required to discharge no more than 297 l/s with a head of 0.4 m.  As 
the structure is intended to be for the restoration phase, and thus have a long life with 
minimal maintenance, a broad crested weir is recommended.  This could be constructed 
from concrete, stone or paving and requires only that the crest is level and set at 2.3 m AOD.  
The width should be sufficient to pass the required discharge. 
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Discharge over a broad crested weir where the upstream conditions are quiescent (as in a 
pond rather than a river channel) can be approximated by the following equation (Francis, 
1971): 

𝑄 = 1.7𝑏𝐻1.5 

Where: 

Q = discharge (m3/s) 

b = width of weir (m) 

H = head over weir (m) 

In this case the head is 0.4 m and the required discharge at this head is no more than 
0.297 m3/s (297 l/s).  Solving the equation for a range of weir widths shows that a width of 
0.69 m (690 mm) would generate a discharge of 0.297 m3/s for a head of 0.4 and would be a 
suitable design for the outlet.  The discharge curve for this weir is shown in Figure 1.2. 

Figure 1.2 Discharge curve for proposed weir 

 
1.6 Outlet Design 
The weir should be set into the bank of the attenuation pond at a suitable location adjacent 
to the receiving drainage ditch.  The banks adjacent to the weir should be smooth, near-
vertical and protected from erosion.  The weir block should be continued into the adjacent 
banks for a minimum of 1 m each side to prevent erosion and bypassing.  

To prevent erosion of the downstream channel, the weir outflow should be directed to flow 
over a suitable surface, such as concrete or grasscrete, into the ditch on the southern site 
boundary.  Detailed design drawings will be provided in future as is required. 
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