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1. INTRODUCTION 
 
A residential development is proposed at GRFC Bowls Club, Church Walk, Gravesend, Kent. The site is currently 
occupied by a bowls club, comprising a bowling green and a pavilion, and part of a sports ground. The proposed 
development comprises a three- to four storey block of apartments, together with car parking, and managed 
landscaping areas. Residents of the development will be of retirement age. 
 
Crossfield Consulting Limited has been commissioned to undertake a Desk Study Appraisal of the site to identify 
possible constraints to the development relating to the ground conditions as indicated at the site. 
 
The desk study includes a review of historical maps of the site and surrounding area and an appraisal of the 
published geological data and information from regulatory authorities. The report presents the results of the 
study, together with an assessment of the likely ground conditions, including a Preliminary Risk Assessment 
(PRA) of potential contamination (with a Conceptual Site Model), Mining Risk Assessment and an initial 
appraisal of foundation solutions.   
 
The report includes information and assessment compatible with a Preliminary Investigation, as defined in 
BS 10175:2011+A2:2017, and a Desk Study, as defined in BS 5930:2015+A1:2020, except that the site 
reconnaissance element of the works is based on available site photographs and aerial images. 
 
The report has been prepared under the direction and supervision of a Chartered Geologist/Registered 
Specialist in Land Condition (SiLC). 
 
It is considered that the report complies with the National Planning Policy Framework and is in general 
accordance with guidance published by the Environment Agency, and NHBC. 
 
 
2. THE SITE 
 
2.1 Location 
 
The site is located adjacent to Church Walk, approximately 0.9 km to southeast of Gravesend town centre, as 
shown on Figure 1.  The National Grid Reference for the site is TQ 6572 7378. The site is bounded by Milton 
Road to the north, Church Walk to the east, a road identified as Ellerslie on the western boundary and sports 
ground playing fields on the southern boundary, as shown on Figure 2.  
 
2.2 Site Description  
 
The following description is based on a topographical survey, presented as Figure 3, together with online maps 
and photographs in the public domain.  A site reconnaissance has not been undertaken by staff from Crossfield 
Consulting at this stage. 
 
The overall site is irregular in shape, with an approximate area of 0.65 ha. The topographical survey indicates 
that the site slopes down gently to the northeast, with a fall of approximately 4 m from the southwestern corner 
to the northeastern corner, the majority of the change of elevation occurs in the western part of the site. 
 
The majority of the site is occupied by Gravesend Rugby Football Club (GRFC) Bowls Club, which comprises a 
bowling green with a single-storey, wooden pavilion present to the west of the green.  The club is separated 
from the remainder of the site by a hedge and wooden fence.   The rest of the site comprises open grassed 
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area.  Trees are present along the northern site boundary.  It is understood that a main sewer runs beneath the 
western half of the site. 
 
2.3 Site History 
 
The site history has been researched with reference to old editions of the County Series and National Grid 
Ordnance Survey Plans obtained from Emapsite.  Extracts from a selection of these plans are presented in 
Appendix I. The plans indicate that the following development has taken place on and around the site. 
 
The County Series Plan, dated 1866, identifies that the site was part of undeveloped land to the south of Milton 
Road.  A road of buildings is shown immediately to the northeast of the site and Milton Road which included a 
school and a church with a graveyard.  A lane, now known as Church Walk, is shown to the east beyond which 
a rectory and associated landscaped grounds was present. The western and southern sides of the site are 
surrounded by undeveloped land. 
 
By 1897, Milton Road had been realigned to its current orientation and a school had been constructed to the 
north and some development, including a house and ‘Drill Hall’ had been built to the west.   
 
The 1932 map identifies that the bowling green and associated pavilion for the bowls club had been built by 
this time.  The undeveloped land to the south of the site was now shown as a sports ground with an access 
driveway from Milton Road, present to the west.  
 
The 1974-1978 map edition identifies that the east boundary of the site bisects some allotment gardens.  
 
No changes within the site area are identified on the 1980-1983 map edition. With regards to the surrounding 
area, the rectory to the east of the site was relocated approximately 50 m south and the original building is 
identified as a ‘meletune’. The road identified as Ellerslie on the western boundary and associated residential 
development to the west had been constructed by this time.  
 
By 1993, the school immediately north of the site had been redeveloped as a garage (car dealership). 
 
No significant changes to the site or the surrounding area appear to have occurred since the 1990s. 
 
 
3. PUBLISHED GEOLOGY  
 
Geological map data, published by the British Geological Survey (BGS), online and in print, on the 1:50,000 scale 
Sheet No. 271 (Dartford), and in the related Memoirs indicate that the site is underlain by superficial Head 
Deposits comprising clay, silt, sand, and gravel. Underlying the superficial deposits, the solid strata beneath the 
site are indicated to comprise chalk associated with the Lewes Nodular Chalk Formation, Seaford Chalk 
Formation, and the Newhaven Chalk Formation.  
 
 
4. DESK STUDY ENQUIRIES 
 
Enquiries were made to the Groundsure Environmental and Geological Databases, British Geological Survey 
regarding the site and surrounding area.  Information obtained from these enquiries is presented in Appendix 
II and summarised below.  
 
The Groundsure Environmental Database indicates that there are no active or historical landfills recorded within 
250 m of the site. 
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It is indicated that there are three records of industrial land uses within 100 m of the site. The closest relates to 
the car dealership present 34 m north of the site. The other two records relate to electricity sub stations present 
79 m north and 85 m south of the site.  
 
Neither the site nor land in close proximity is designated as contaminated land under Part 2a of the 
Environmental Protection Act 1990.   There are no active discharge consents listed with 250 m of the site.  A 
pollution incident is listed as taking place 28 m to the west of the site.  The incident, which occurred in 2003, 
related to a release of petrol which had no environmental impact. 
 
Hydrogeological information indicates that the superficial deposits underlying the site are classified as 
‘Secondary Undifferentiated’ aquifer strata. The bedrock strata underlying the site are classified as ‘Principal’ 
strata. The site is not located within a groundwater Source Protection Zone.  

There are no licensed groundwater abstraction records within 500 m of the site. There are no surface water 
features within 250 m of the site. 
 
The site does not lie within an area with an environmental designation. 
 
Natural ground subsidence geohazards, as classified by the BGS, indicates that there is a ‘moderate’ hazard 
rating for ground dissolution of soluble rocks over the southeastern part of the site and a ‘very low’ hazard 
rating  over the remainder, and a ‘very low’ or ‘negligible’ hazard rating for shrink swell clays, compressible 
deposits, running sands, collapsible deposits and landslides beneath the site.  
 
There are no records of underground workings or mining or mining cavities within 1 km of the site. There are 
no surface ground workings recorded within 250 m and there are no solution features or natural cavities 
recorded within 1 km of the site.  
 
BRE BR211 (2015) and the Groundsure report (based on BGS/Public Health England data) indicate that the site 
is not within an area where radon precautions are required in new buildings.  
 
Borehole records from the BGS show that two boreholes were sunk immediately north of the site. The records 
indicate that ground conditions comprise approximately 2.0 m to 3.5 m of superficial Head Deposits, consisting 
of silty clay/clayey silt/silty sand overlying chalk.  Groundwater was present at 4.8 m depth. 
 
 
5. ASSESSMENT OF GROUND CONDITIONS 
 
5.1 Ground Conditions 
 
Buried foundations associated with the current pavilion will be present beneath the site together with any 
associated buried drains and services. A mains sewer is also understood to run beneath the site. 
 
Ground conditions beneath the site are expected to include a thickness of Made Ground associated with the 
construction of the Bowls Club. Below the Made Ground and topsoil in undeveloped areas, superficial head 
deposits of clay, silt, sand, and gravel overlying chalk is anticipated.  Shallow groundwater, less than 3 m depth, 
is not anticipated. 
 
5.2 Preliminary Environmental Risk Assessment 
 
Made Ground materials may have been imported to form a development platform for the bowls club, such 
materials may have included include demolition and ashy waste, such that the potential presence of toxic and 
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phytotoxic metals, polyaromatic hydrocarbons (PAHs) and asbestos containing materials cannot be entirely 
discounted. 
 
With respect to potential sources of off-site contamination, the surrounding land comprises a sports grounds 
and typically residential properties.  A car dealership/garage is located 34 m to the north of the site on the 
opposite side of Milton Road.  Based on the available information, it appears that the car dealership/garage 
was constructed in the late 1980s/early 1990s and has not been used as a fuel filling station.  Hence it is 
considered that the potential for a significant contaminant source is very low.  Based on the indicated 
topography, the garage is at a lower level than the site such that any potential migration pathways associated 
with the garage should be away from the site.  
 
There are no recorded active or historical landfills within influencing distance of the site. The site is not located 
within an area requiring radon protection measures. Therefore, the available information has identified no 
potential sources of ground gases.  
 
The available information has been used to produce a preliminary Conceptual Site Model for this site, in 
accordance with CIRIA C552 (2001), BS 10175:2011+A2:2017, BS EN ISO 21365:2020 and Environment Agency 
Land Contamination Risk Management (LCRM) (2020), and this is presented in Table 1. 
 
With regard to the health of end users, the proposed building and areas of hardstanding should provide an 
effective barrier between the existing ground and end users. However, within the proposed managed soft 
landscaping areas, potential contaminants, if present, could be returned to the surface by the activity of soil 
organisms and root mixing. Therefore, it may be necessary to place a suitable thickness topsoil/subsoil capping 
layer in such areas to provide an effective barrier for the protection of human health. The requirement for any 
capping layer, or confirmation of capping layer thickness, is subject to review following completion of a ground 
investigation. Alternatively, localised potentially contaminated materials may be removed from areas of 
proposed soft landscaping.   
 
Groundworkers may be exposed to the potential contaminants identified above during construction works. 
Whilst this is a relatively short-term exposure, it is recommended that appropriate personal protective 
equipment be provided and worn at all times. Soils should be kept damp during groundworks to mitigate aerial 
migration/dust emissions to neighbouring properties in compliance with standard good practice. 
 
Based on the guidance published by UKWIR (2010), the site has not been associated with historical fuel and/or 
chemical storage. Therefore, the site should not be considered as ‘brownfield’, with respect to the protection 
of pipes for potable water. Based on the guidance provided by UKWIR, conventional plastic materials should be 
appropriate for potable water supply pipes without any requirements for specific testing subject to the 
requirements of the local water supply company. 
 
Based on the available information, it is considered that there should be no requirement for ground gas 
protection measures within the proposed new development at the site as no significant gas source has been 
identified.  
 
5.3 Assessment of Ground Stability 
 
The site is not within an area of recorded underground mining or other such mineral extraction, nor are there 
any quarries recorded at, or in close proximity to, the site. Therefore, it is unlikely that the proposed 
development would be constrained by ground stability issues associated with mining or quarrying.   
 
Available information suggests that the ground conditions beneath the site comprise chalk strata. Chalk strata 
can be dissolved by water and solution features can fill with loose superficial deposits. Such deposits can be 
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susceptible to collapse settlement (if loads are applied) or to inundation settlement (if large volumes of water 
are introduced to the superficial materials). Furthermore, based on the geological database information, part 
of the site has been classified as having a ‘moderate’ hazard rating for ground dissolution of soluble rocks.  It 
would, therefore, be prudent, during investigation works, to remain vigilant to the presence of potentially 
anomalous ground conditions that could be indicative of mining or solution features.  If anomalous ground 
conditions are identified during construction works, it is recommended that the advice of a geotechnical 
engineer be obtained to assess the particular ground conditions. In such situations, localised zones of poor 
ground support may, on occasion, be mitigated by the inclusion of a grillage of ground beams in the building 
substructure that can span across areas of reduced support. It should be appreciated that any consideration of 
soakaway drainage will require an assessment of ground support risks.   
 
5.4 Preliminary Geotechnical Assessment  
 
It is understood that the proposed development comprises a three- to four storey apartment block. A proposed 
development plan is presented as Figure 4. 
 
Based on the information currently available, the ground conditions are indicated to comprise medium to high 
strength clays and silts overlying chalk which may be suitable to be suitable to support the proposed 
development on strip/trench fill and pad footings.  However, until a suitable ground investigation has been 
completed across the site to demonstrate the competence of the near surface materials, it may be prudent to 
include an allowance be made for use of a deeper foundation solution, such as piles.  
 
Due to the anticipated volume change potential clay/silt horizons at shallow depth, suitable foundation 
precautions within the influence zone of existing trees are likely to be required and a suspended ground floor 
slab with a suitable underfloor void is recommended.  
 
5.5 Soakaway Drainage 
 
Based on the available information, the shallow Head Deposits are likely to comprise low permeability clays and 
silts and the underlying chalk strata are likely to include a weathered upper horizon with a significant fines 
content which may preclude conventional shallow soakaway drainage.  BGS borehole records from immediately 
north of the site indicate groundwater is present at approximately 5 m depth, such that a deep borehole 
soakaway drainage solution is also unlikely to be feasible for the development.   At this stage, an alternative 
drainage solution is recommended for the proposed development.   
 
 
6. RECOMMENDATIONS FOR GROUND INVESTIGATIONS 
 
It is recommended that a ground investigation be undertaken at the site to obtain appropriate data to enable 
a more detailed environmental risk assessment to be undertaken and appropriate foundation solutions to be 
confirmed and data provided for design. 
 
It is recommended that an initial phase of ground investigation utilising dynamic sampling be undertaken, as 
this will cause minimal disturbance to the existing property and exploratory holes may be readily reinstated. 
The investigation should extend through Made Ground to identify competent natural strata. Samples should be 
recovered for geotechnical and, where appropriate, analytical laboratory testing.  
 
Subject to the findings of the initial phase of investigation, a supplementary phase of ground investigation may 
be necessary to confirm the ground conditions across the site when access is available. The scope of works will 
be dependent on the findings of the first phase of works and could include trial pits and/or boreholes as 
necessary to confirm ground conditions and obtain additional data for design purposes.  
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7. SUMMARY 
 
A residential development is proposed at GRFC Bowls Club, Church Walk, Gravesend, Kent. The site is currently 
occupied by a bowls club, comprising a bowling green and a pavilion, and part of a sports ground. The proposed 
development comprises a three- to four storey block of apartments, together with car parking, and managed 
landscaping areas. Residents of the development will be of retirement age. 
 
Ground conditions beneath the site are expected to include a thickness of Made Ground associated with the 
construction of the Bowls Club. Below the Made Ground and topsoil in undeveloped areas, superficial head 
deposits of clay, silt, sand, and gravel overlying chalk is anticipated. Shallow groundwater, less than 3 m depth, 
is not anticipated. 
 
Based on the available information, the site does not appear to be associated with a significant source of 
potential contaminants. In the unlikely event that impacted soils are encountered beneath the site, to protect 
against the risks to end users, a barrier, in the form of a topsoil/subsoil capping layer in proposed landscaping 
areas is likely to be required. The ground conditions at the site are unlikely to be associated with a valid 
contaminant linkage in relation to Controlled Waters and the proposed development should not be constrained 
by issues relating to ground gases.  
 
It may be possible to support the proposed development on strip or trench-fill footings, placed within the Head 
Deposits or chalk strata. Foundations should extend through Made Ground and any low strength strata. 
However, if the expected structural loads are high and/or the strength of shallow strata are lower than 
expected, it may then be necessary to consider a piled foundation. Allowance should be made for suspended 
floor slabs for the development.  
 
Soakaway drainage may not be feasible due to the likely high fines content of the near-surface natural deposits. 
It is recommended that an alternative drainage solution be determined for the proposed development.  
 
It is recommended that an investigation be carried out using dynamic sampling techniques to assess the 
potential pollutant linkages that have been identified and to confirm the most appropriate foundation solution. 
The investigation should extend through Made Ground to identify natural strata. Samples should be collected 
for geotechnical and analytical testing. Depending on the findings of the investigation and the confirmed 
ground-related development solutions, a supplementary ground investigation may be needed to provide 
additional data. 
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GENERAL  NOTES 

1. The report is limited to the site boundaries and is specific to the development proposals as identified by the 
Client (or Client’s advisor) and confirmed within this report.  The report should not be used in a different 
context.  Where the report is identified as a site appraisal, further geoenvironmental assessment, and detailed 
investigations, will be required prior to finalisation of ground related assessment and designs.  Other reports 
may recommend additional investigation or other works that would be considered essential prior to the 
preparation of final assessments and associated designs. 

2. This report has been prepared by Crossfield Consulting Limited with all reasonable skill, care and diligence 
within the terms of the Appointment/Proposal Terms and Conditions (as applicable) and with the resources 
agreed with the Client.  Responsibility for any matters outside the agreed scope is not accepted. 

3. Where any data supplied by the Client or by other external sources, including previous site investigation data, 
has been used it has been assumed that the information is correct unless otherwise stated. No responsibility 
can be accepted by Crossfield Consulting Limited for inaccuracies within the data supplied by others. 

4. Any borehole data from the British Geological Survey sources are included on the following basis:  “The British 
Geological Survey accept no responsibility for omissions or misinterpretation of the data from their Data Bank 
as this may be old or obtained from non-BGS sources and may not represent current interpretation”. 

5. Any assessments made in this report are based on the ground conditions indicated by the factual records 
included and/or referenced in the report, namely, trial pits and/or boreholes, together with the results of any 
field or laboratory testing undertaken and, where appropriate, other relevant site data/desk study information 
which may have been obtained for the site. Variations in ground conditions may occur between exploratory 
hole locations and there may be special conditions appertaining to the site that have not been revealed by the 
investigation and that have not been taken into account in the report.  The assessment may be subject to 
amendment in the light of additional information becoming available. 

6. Exploratory hole locations provided in the report are generally established by tape measurement (or similar 
measurement) from existing features or boundaries.  Ground levels stated in the report are based on site 
survey plans as provided.  Hole locations are not accurately surveyed and ground levels at these locations are 
not obtained unless specifically included in the agreed scope of services. 

7. Unless stated otherwise, no consultations with regulatory authorities, funders or other third parties have been 
carried out; hence, definitive assurance that such third parties will accept the findings of this report cannot be 
provided. 

8. This report is only valid when used in its entirety.  Any information or advice should not be relied upon if 
removed from the report or not considered in the context of the whole document.  Crossfield Consulting 
Limited cannot be held responsible for any use of the report or its contents for any purpose other than that 
for which it was prepared.  

9. The report is provided for the sole use by the Client or its assignees and is confidential to the Client’s 
professional advisers. No responsibility whatsoever for the contents of this report will be accepted to any 
person other than the Client or its assignees. 

10. The Client cannot place reliance on the report until full payment has been made for the report and all 
associated works. 

11. New information, improved methods, changes in published guidance, codes of practice, policies and 
legislation can occur at any time and may necessitate an alteration to the report in whole, or in part, after 
its submission.  Therefore, with any change in circumstances or after the expiry of one year from the date 
of the report, the report should be referred to Crossfield Consulting Limited for re-assessment and, if 
necessary, re-appraisal.  
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TABLE 1 
 

CONCEPTUAL SITE MODEL 
 

  
Potential Contaminant Source 

 

 
Potential Contaminants 

 
Potential Pathway 

 
Receptors and Assessed Contaminant Linkage 

On-Site Solid Made Ground 
 

Toxic and phytotoxic metals 
PAHs 
Asbestos 
 

Dermal and oral exposure pathways (including air-borne migration) 
are present during construction phase but will generally not be 
present following development due to building and hardstanding 
effective barriers.  If limited landscaping areas are proposed, then 
after development such areas represent possible dust exposure 
pathways. 
 
Release into Liquid Phase 
Metal solubility generally low at typical soil temperature and pH. 
Polyaromatic hydrocarbons are typically of low solubility. Therefore, 
limited potential for release into liquid/aqueous phase.   

Release into Vapour Phase 
n/a – no source 

Human Health  
End Users: Possible contaminant linkage 
Groundworkers: Possible contaminant linkage 
Neighbouring Properties/General Public: Possible 
contaminant linkage 
Buried Structures & Services  
Buried concrete: No contaminant linkage 
Potable water pipes: No contaminant linkage 
Other buried structures: No contaminant linkage 
 
Landscape and Garden Areas: 
No contaminant linkage 

Off-Site Solid No evidence of potential source n/a 

On-Site Liquid No evidence of potential source n/a 
 

n/a – no source 
 
Release into Vapour Phase 
n/a – no source 

Off-Site Liquid No evidence of potential source n/a 

On Site Liquid No evidence of potential source n/a n/a – no source Controlled Waters 
Groundwater: No contaminant linkage 
Secondary undifferentiated and Secondary A superficial 
aquifer strata and Principal and Secondary A bedrock 
aquifer strata, no groundwater source protection zone:  
Surface Water: No contaminant linkage 
 

Ground Gases Graveyard 
 
The site is not within a radon affected area 
 

 
 
n/a 
 

 
 
n/a – no source 
 

Human Health  
End Users: No contaminant linkage 
 

 
NOTES 

1. The above conceptual model is based on CIRIA C552 (2001) and BS 10175:2011+A2:2017, BS EN ISO 21365:2020 and Environment Agency Land Contamination Risk Management (LCRM) (2020). 
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FIGURE 1 

 
 

 

 
SITE LOCATION PLAN 

 Scale 1: 50,000  
Reproduced from the 2013 1:50,000 Ordnance Survey map with the permission of Ordnance Survey  
on behalf of The Controller of Her Majesty’s Stationery Office,  Crown copyright. Licence No.100014660 
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FIGURE 2 

 

 
SITE PLAN 
Scale 1: 1,250  

Reproduced from the 2022, 1: 1,250 scale Ordnance Survey map with the permission of Ordnance Survey  
on behalf of The Controller of Her Majesty’s Stationery Office,  Crown copyright. Licence No.100014660
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FIGURE 3

 
 

   
 
 

TOPOGRAPHICAL SURVEY 
Scale 1: 500 

 
Reproduced from Prospaplans Limited Drawing No. PP/4081/GRAVESEND/F1, dated December 2021 
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FIGURE 4

PROPOSED DEVELOPMENT PLAN 
Scale 1: 500 

Reproduced from ON Architecture Limited, Drawing No. LSE-2821-02-AC-0001-A, dated February 2022 
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APPENDIX I – HISTORICAL INFORMATION 
 
GroundSure MapInsight 
Historical Ordnance Survey County Series and National Grid maps, as part of Groundsure’s MapInsight package, 
have been obtained from Emapsite.  Only map extracts that indicate relevant changes to the site and 
surrounding area are presented in this Appendix and discussed further in Section 2.3 of the report.  A complete 
list of the maps received in the MapInsight package is given below in Table I-1.  A full copy of the MapInsight 
package can be provided on request.  
 

TABLE I-1 
Large Scale Maps 

25” County Series/1:2500 National Grid Series/1:1250 
LandLine 

Small Scale Maps 
6” County Series/1:10,000 National Grid Series 

1864 
1866 
1897 
1909 
1932 
1953 
1954 

1955-1958 
1974-1978 
1980-1983 
1983-1986 
1992-1993 

1993 
1994 
2003 

 
 

1863-1865 
1888 
1895 

1895-1899 
1907 
1916 
1923 

1931-1932 
1938 
1946 
1948 
1955 

1966-1967 
1971-1973 
1977-1982 

2001 
2010 
2022 

 

NB Check copyright status and any requirement to include specific text/credit before reproducing 
information 
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