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1 Introduction 

1.1 Context and Objectives 

JE Construction Limited (hereafter referred to as ‘the Client’) is proposing to undertake 
residential development on a parcel of land at Templeton in Pembrokeshire (see Figure 1).  The 
land parcel (hereafter referred to as ‘the site’) is currently occupied by agricultural pasture, and 
borders the village green and A478 road in the central part of the village. 
 
The Client proposes to develop the site with a total of 46 low-rise residential dwellings, 
comprising a mix of detached, semi-detached and terraced units with vehicle parking, domestic 
garages and private gardens.  The proposed dwellings are arranged around a centrally placed 
access road extending westwards from the present-day entrance.  An area in the south-eastern 
corner of the site is allocated for extension of the adjoining village green area, and for the 
provision of vehicle parking and infrastructure alongside the existing village hall.  The proposed 
development layout is outlined on Drawing No. 8107/SK01, Revision M, dated August 2008, 
prepared by Pembroke Design Limited (see Ref. 1). 
 
CB3 Consult Limited (hereafter referred to as ‘the Engineer’) is acting as the design consultant for 
the scheme, and commissioned Ground Investigation (Wales) Limited (GIW), on behalf of the 
Client, to undertake a combined geo-environmental and geotechnical assessment at the site, to 
identify land quality issues and development constraints in the context of the proposed residential 
development. 
 
The primary objectives of the assessment were to: 
 

i. examine the ground and groundwater conditions at the site; 
ii. identify potentially significant environmental and geotechnical hazards; 

iii.  assess the possible implications of land contamination in relation to human and controlled 
water receptors; and 

iv. examine the geotechnical conditions at the site and provide advice and recommendations 
for the design and construction of foundations, ground floor slabs, pavements and 
soakaway drainage systems. 

 
 

1.2 Scope of Work 

In order to achieve the aforementioned objectives, a provisional scope of work was outlined by 
GIW in the tender quotation (ref. t-w.1599) dated 30th July 2012.  The scope of works has 
consisted of the following items. 
 

i. A desk study and walkover survey to identify the land use history and key development 
constraints. 

ii. An intrusive investigation consisting of machine excavated trial pits, together with in-situ 
tests to determine soil stiffness criteria along the proposed access road alignment and to 
provide infiltration rates for use in the design of soakaway systems. 

iii.  Laboratory chemical analyses of selected soil samples taken from the near-surface strata. 
iv. Laboratory geotechnical testing of selected disturbed soil samples to provide soil 

classification data to assist in the consideration of geotechnical design issues. 
v. Preparation of this interpretative report addressing geo-environmental and geotechnical 

aspects of land quality in the context of the proposed development. 
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1.3 Report Structure 

This report is presented in 7 sections, the contents of which are summarised below. 
 
Section 1 (this section) provides an introduction to the report.  It sets the context, outlines the 
objectives, and summarises the general scope of work. 
 
Section 2 presents information provided by the desk study and walkover survey.  It identifies the 
site location and provides information relating to its geographical, topographical, historical, 
environmental, geological and hydrogeological settings. 
 
Section 3 describes the fieldworks, in-situ and laboratory testing that have been carried out. 
 
Section 4 provides a summary of the ground and groundwater conditions revealed by the 
investigation. 
 
Section 5 considers the possibility of land contamination at the site and its potential to impact 
upon human and controlled water receptors.  The section presents a generic quantitative 
assessment of chronic human health risks in the context of the proposed residential development.  
Water pollution and ground gas risks are also considered in qualitative terms. 
 
Section 6 provides a geotechnical assessment of the ground conditions.  Advice is given for the 
design and construction of foundations, ground floor slabs and pavements.  This section also 
comments on the feasibility of utilising soakaways for the discharge of surface water drainage, 
outlines compliance limitations and provides infiltration rates for use in the design.   
 
Section 7 provides details of the sources of information and references consulted during the 
survey. 
 
 

1.4 Limitations and Exceptions 

The work presented in this report is subject to the general limitations and exceptions set out in 
Appendix A.  In particular, it is noted that the investigation and assessment have been undertaken 
in the context of the proposed mixed-use development as originally outlined on Pembroke Design 
Limited Drawing No. 8107/SK01, Revision M, dated August 2008 (see Ref. 1).  This drawing 
includes the adjoining village green area within the overall boundary, for the purpose of 
illustrating the proposed extension to the facility.  However, for clarification, the site is deemed to 
consist of the land parcel to the north of the existing village green within which the residential 
development is proposed, and which has been investigated as part of the current work.  If any 
significant changes are proposed to the development layout from those shown on the 
aforementioned drawing, the following advice and recommendations should be reviewed and, if 
necessary, amended. 
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2 Desk Study and Walkover Survey 

2.1 Overview 

The desk study has collated record information relating to the site’s historical, geological, 
hydrogeological and environmental settings.  The information provided by our desk-based 
research has been supplemented by a brief walkover survey conducted on 3th August 2012, 
together with a more detailed survey undertaken at the commencement of the fieldworks on 11th 
August 2012. 
 
This section of the report summarises key information provided by the desk study and walkover 
survey and identifies the principal sources of information that have been consulted.  Where 
possible, the consulted information is reproduced in the report’s appendix pages. 
 
 

2.2 Sources of Information 

The principal sources of information consulted by the desk study are summarised below. 
 
(i) Present-day Ordnance Survey (OS) mapping. (see Ref. 2) 

(ii) Published British Geological Survey (BGS) mapping. (see Ref. 3) 
 

(iii) Published memoirs which accompany the BGS mapping (see Ref. 4) 

(iii) Historical OS mapping and available aerial photographs. (see Appendix B) 

(iv) Envirocheck Land Use Report. (see Appendix C) 

(v) Envirocheck Geology Report. (see Appendix D) 

(vi) Environment Agency (EA) and BGS websites. 

 
 

2.3 Site Setting 

2.3.1 Site Location and General Description 

The site is located on the western side of the A478 road in the centre of the village of Templeton 
in Pembrokeshire (see Figure 1).  Templeton is located approximately 3.0km south of Narberth, 
whilst the towns of Saundersfoot and Tenby are situated around 6.5km and 10.5km respectively to 
the south.  The National Grid Reference (NGR) at the approximate centre of the site is 211200 
211550. 
 
The layout and topographical setting on and in the immediate vicinity of the site is illustrated on 
Figure 2, which is based on survey data provided by the Client.  The site is roughly trapezoidal in 
shape and occupies a surface area of approximately 1.1ha.  Overall plan dimensions are up to 
170m in a west-east direction, and typically around 72m in a north-south direction.  It is bordered 
to the east by the north-south alignment of the A478 road, to the south-east by the existing village 
green and to the south/south-west by an estate of private residential dwellings at Larkspur Close 
and Sentence Gardens.  A village hall and associated outbuildings stand at the road frontage 
alongside the south-eastern corner, adjoining the village green. A stream borders the site to the 
west, beyond which open agricultural land extends westwards.  The earthwork remains of 
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Sentence Castle are located a short distance beyond the north-western corner, designated as a 
Scheduled Ancient Monument.  The site is bordered to the north by a residential dwelling known 
as Chestnut House and its associated rearward extending outbuildings and gardens.  Further 
residential development in the northern part of the village settlement flanks both sides of the A478 
road to the north and north-east, whilst St John’s Church stands on the opposite (eastern) side of 
the road.  A railway line rises on an embankment on a north-east to south alignment through the 
village, passing around 160m to the east of the site.  
 
A narrow belt of land approximately 15m in width along the frontage with the A478 road (in the 
east) is unevenly surfaced and extensively vegetated with assorted scrub and semi-mature 
deciduous trees.  The vegetated area is bisected by an unmade track, which leads westwards from 
the road to the existing site entrance.  A steel gate opens out onto the main part of the site, which 
is currently occupied by agricultural land used for livestock pasture and crop growth.  The field 
boundaries to the north, south and west are formed by established hedgerows interspersed with 
mature and semi-mature deciduous trees of assorted species including ash, sycamore, hazel and 
hawthorn. 
 
2.3.2 Topographical Setting  

The ground surface slopes gently downwards across the site and the surrounding region in a 
southerly direction.  South of the site, the ground slope flattens out onto a west-east aligned 
shallow valley feature, the basal axis of which passes through the village green and the adjoining 
residential estate.  Ground levels begin to rise very gently southwards beyond the village green, 
around a road junction which marks the approximate southern extent of the village settlement.  
 
In order to identify the elevations in the region, reference was made to current-edition OS maps 
(see Ref. 2) and available historical mapping (see Appendix B).  Reference was also made to the 
topographical survey drawing provided for our use by the Engineer.  Inspection of contours and 
spot heights shown on the survey drawing indicates consistency with the published OS mapping, 
and suggests that the survey is relative to Ordnance Datum.  The available data indicates that 
elevations across the site reduce from around 104.0m above Ordnance Datum (AOD) in the north, 
to a low point of approximately 95.5mAOD at the southern/south-eastern boundary.  The eastern 
edge of the field lies slightly elevated above the adjacent road, an uneven slope extending 
downwards across the vegetated belt to a scrub hedge at the road frontage.  The road slopes gently 
downwards from an elevation of 98.0mAOD to 95.5mAOD alongside the site frontage.  It appears 
to be cut into the general slope profile, since St John’s Church to the east lies at an elevation 
consistent with the main part of the site (circa 100.5mAOD). 
 
The basal axis of the valley slope to the south is indicated to lie at an elevation of 94.2m, beyond 
which ground levels rise southwards to circa 96.3mAOD at the A478/A4115 road junction. 
 
2.3.3 Surface Water Features  

As discussed in Section 2.3.1, an un-named stream borders the site to the west, and flows 
southwards towards the valley axis.  Its downstream route cannot be traced beyond the site’s 
south-western corner, suggesting that it follows a culverted course beneath the residential 
development and village green area.  A surface watercourse on a corresponding alignment is 
shown to issue from beneath a railway embankment some 140m to the south-east (downstream) of 
the site. 
 
Around 180m distant, the watercourse converges with the north-south flowing stream known as 
Ford’s Lake, and continues southwards to the foreshore at Wiseman’s Bridge (near Saundersfoot), 
some 5.5km distant.  
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2.4 Site History 

The recent history of the site has been inferred from available historical OS maps dating from 
1888 to the present-day editions (dated 2006), together with information contained within the 
Envirocheck Land Use Report.  Extracts from the historical maps are presented in Appendix B, 
and the Envirocheck Land Use Report is presented in Appendix C.  The chronology of historical 
land use and key observations relevant to the proposed development are highlighted below. 
 
1888-1889 
The earliest available historical maps (the OS First Editions of 1888 and 1889) indicate the site to 
be undeveloped at this time.  The present-day field boundaries had been established, with the 
exception that the land parcel extended beyond the current north-eastern corner.  The main 
infrastructure had been established in the region, including the road along the eastern boundary, 
the junction to the south, and the railway line (then named the Pembroke and Tenby Railway) to 
the east.  The earthworks associated with the ancient monument to the north-west (then referred to 
as Sentence Camp) were clearly mapped, adjoined to the east by a network of small field 
enclosures.  The village settlement of Templeton had become established within two discrete 
areas, flanking the road to the north and centred on the road junction some 150m to the south.  
The outbuildings which adjoin the present-day village hall were in place to the south-east of the 
site.  St John’s Church was in place opposite the site, together with a public house and a smithy 
within the valley axis to the south-east.  The valley floor area to the south, between the site and 
the road junction, remained largely undeveloped and separated the established parts of the village.  
Immediately to the south, the present-day extent of the village green area had been established, 
and was shown as an area of rough pasture and marshland bisected by a downstream continuation 
of the watercourse which flows alongside the site.  A slope legend shown along the southern edge 
of the site suggests that the stream was undercutting the toe of the slope at this time.  A well was 
in existence on the northern bank of the stream, immediately south of the site.  At this time, the 
open channel of the stream is shown to have continued south-eastwards, feeding a number of 
small ponds and passing beneath the railway embankment via the present-day culvert.  A small 
building adjoined the land parcel to the south, latterly labelled as a forge. 
 
1907-1908 
The OS Second Editions of 1907/08 indicate that the site remained generally unchanged during 
this period.  An exception was the appearance of two small quarries, which appear to have been 
cut into the eastern margins of the site from the adjacent road.  Their extent is consistent with the 
present-day overgrown belt, and is shown to be bisected by a track on the alignment of the 
present-day access.  No further advancement or extension of the quarry features is shown on 
subsequent map editions, and their profile remains consistent on the latest available edition at 
1:2,500 scale (dated 1995).  Hence, the extent of these quarries appears to be represented by the 
uneven ground concealed within the present-day scrub vegetation, with no evidence of infilling. 
   
The surrounding area also remained generally unchanged during this period, with the exception 
that the present-day village hall had been constructed to the south-east (then labelled as a Sunday 
school).  The well which stood immediately to the south of the site was no longer shown by this 
time. 
 
1938-1964 
No significant changes are indicated to have taken place during this period, with the exception 
that the dwelling to the north-east of the site (Chestnut House) was established by 1938.  The 
boundary in the north-eastern corner of the site was realigned to its present-day position in 
connection with this development. 
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1970-1982 
No changes are indicated to have taken place at the site during this period.  Between 1964 and 
1970, the stream course to the south of the site appears to have been culverted beneath the village 
green and the downstream area extending to the railway embankment.  The 1970 map edition 
depicts the open channel to terminate at the western boundary of the village green, whilst the 
localised marshland and pond features on the green area are no longer shown.  The land parcel 
was labelled as a village green for the first time, and the apparent undercutting at the toe of the 
slope (at the southern site boundary) was no longer shown.  A filling station had been developed 
on the former valley axis on the opposite side of the A478 road, approximately 50m down-
gradient from the site.  However, this had a limited lifespan, and the area is shown to have been 
replaced with the present-day playground by 1982.  The smithy to the south-east of the site was 
no longer labelled after 1964, although the buildings are indicated on subsequent maps to have 
remained until at least 1995. The former Sunday school which adjoins the site to the south-east 
becomes labelled as a church hall and later as a hall. 
 
Some infill housing development had taken place in the area to the north of the site by 1970, and 
continued through this period.  Also by 1970, a residential estate had been developed at Hillside 
Terrace, on the opposite site of the A478 road to the north of the church.  The residential 
development at Larkspur Close (south of the village green) was established between 1970 and 
1972, whilst the adjoining development at Sentence Gardens was constructed between 19878 and 
1982.  
 
1994-present day 
Subsequent map editions indicate visible no changes to the site during this period, the area 
remaining as an undeveloped field enclosure.  Further residential development is shown to have 
taken place in the distant area to the north after 1982, associated with the progressive expansion of 
the northern part of the village.  Residential development also took place at Poyers Close (to the 
south-east of the site) between 1995 and 2006, replacing several buildings associated with the 
former smithy.  The outbuilding to the rear of Chestnut House (north of the site) was established 
between 1982 and 1994.   
 
No further significant changes have been identified during the walkover survey in 2012.  The land 
uses in the areas surrounding the site remain as depicted on the latest available map edition (dated 
2006).  Significantly, the outline of the vegetated, unevenly surfaced area along the site frontage 
remains consistent with that shown on the earlier maps, with no evidence of infilling.    
 
In summary, the above review has identified that the site has remained as undeveloped 
agricultural land since the earliest available published records, with the exception of very 
localised quarry extraction at its eastern frontage with the A478 road.  The surrounding area to the 
north has been subject to progressive development, mainly for residential use.  The former valley 
axis to the south and south-east appears to have been subject to reclamation and subsequent 
development as open amenity land and other mixed uses.  In connection with the reclamation 
works, the former stream channel appears to have been culverted beneath the region.  Ground 
levels would appear to have been raised across the region, infilling the former ponds and 
reprofiling the area of undercutting at the site’s southern boundary.    
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2.5 Geological Setting 

2.5.1  Published Geology 

The Envirocheck Geology Report (see Appendix D) refers to data published by the BGS relating 
to the geological setting.  Direct reference has also been made to the geological data published at 
1:50,000 scale (Ref. 3).  The published data indicates the site to be underlain by deposits of the 
Milford Haven Group of Pragian to Ludlow age.  This formation was formerly referred to as the 
Red Marls of the Lower Old Red Sandstone.  No superficial deposits are shown to overlie the 
bedrock geology, suggesting that any such deposits which occur are either of limited 
lateral/vertical extent or are derived from direct in-situ weathering of the parent rock mass.  A 
west-east aligned expanse of Glacial Till is shown to overlie the bedrock stratum immediately to 
the south of the site, its alignment corresponding approximately with the direction of the valley 
axis through the region.  Based on inspection of the topographical setting and our experience of 
the region, we anticipate that a southward thickening veneer of Glacial Till strata would also 
overlie the bedrock sequence at the site.  Notably, no alluvial deposits are mapped along the 
valley axis to the south.  
 
The Milford Haven Group is indicated to consist of hard, red, calcareous marls (hence the former 
terminology), with sporadic red and green sandstones.  Basal beds of green marl, conglomerate 
and breccias are also present. 
 
From a point approximately 50m to the south, the southward thickening deposits of the 
Carboniferous Limestone sequence are shown to rest unconformably upon the Milford Haven 
Group, in turn masked by the belt of Glacial Till.  The lithology is indicated to consist of the 
Avon Group (interbedded limestone and mudstone) and the Pembroke Limestone Group 
(limestone).  The limestone strata are bisected by a west-east aligned fault approximately 450m 
south of the site.  
 
2.5.2  Available Investigation Records 

The Envirocheck Land Use Report (see Appendix C) refers to the Geoindex published on the 
BGS website.  It does not identify any boreholes for which records are available in the vicinity of 
the site.  Hence, it is not possible to obtain further information on the geological sequence in the 
vicinity of the site from the desk-based research alone.   
 
 
2.5.3 Identification of Potential Geological Hazards 

Subsidence due to Shallow Coal Mine Workings 
The site is not underlain by Coal Measures bedrock, and no evidence of metalliferous mining 
activity has been identified from the review of available information.  Therefore, the subsidence 
risk associated with shallow former mine workings requires no further consideration. 
 
Limestone Solution Features 
The site is not underlain at shallow depth by rock formations prone to chemical dissolution and 
the formation of solution features.  The overstep of potentially soluble bedrock (Carboniferous 
Limestone Series) commences from a point around 50m to the south and, hence, does not impact 
upon stability at the site. 
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Potential for Pyritic/aggressive Ground 
The Milford Haven Group strata which underlie the site are not listed by the Building Research 
Establishment (BRE) in Special Digest 1 (Ref. 5) as potentially containing elevated 
concentrations of sulphate or pyrite.  However, deposits of Glacial Till have been identified in the 
surrounding region, and are anticipated as a thin veneer beneath the site (see Section 2.5.1).  It is 
anticipated that any such deposits which occur may include lithology derived from the Coal 
Measures or Silurian strata in the wider surrounding region, some of which may contain elevated 
pyrite concentrations.  Laboratory testing for the full range of chemical parameters is therefore 
warranted to assist in determining the aggressive chemical environment for buried concrete.    
 
Volume Change Potential with Moisture Content Variation 
It is anticipated that the Milford Haven Group bedrock in the region may be overlain by a 
southward-thickening veneer of Glacial Till strata (see Section 2.5.1).  In addition, given its 
composition, the upper part of the bedrock stratum would be anticipated to weather to a fine-
grained residual soil.  Such strata may be susceptible to volume change movements with variation 
in soil moisture content.  Consideration will therefore need to be given to the potential for volume 
change movements in the design of foundations and ground floor slabs, particularly in proximity 
to boundary hedgerows.  The implications on the design of substructures will also be dependant 
on the thickness and persistence of any fine-grained deposits which occur.  During the intrusive 
investigation, it is therefore necessary to identify the lateral variation in thickness of fine soil 
cover and its potential for volume change movements.  
 
The variation in soil moisture content will also require consideration in the design of pavements.  
Typically low values of soil stiffness (measured by the California Bearing Ratio – CBR) would be 
anticipated within fine-grained Glacial Till or residual soils derived from the parent lithology, 
whilst the less weathered upper horizons of the Milford Haven Group strata would exhibit 
appreciably higher CBR values.  Therefore, pavement design considerations will be dependant on 
the thickness of fine-grained superficial/residual cover at the site.  
 
Landfill Facilities and Infilled Ground 
The Envirocheck Land Use Report (see Appendix C) refers to information published by the BGS, 
EA and Local Authority (LA).  No records of historical or current landfill facilities in the vicinity 
of the site are held by any of the above organisations.  The review of available historical 
information (see Section 2.4) has identified two small quarry areas impinging on the eastern 
margins of the site.  However, no evidence of infilling of these features is provided by the 
historical maps or the present-day layout.  
 
From a review of the available historical information, it is evident that the valley floor area to the 
south and south-east of the site was subject to reclamation and reprofiling between 1964 and 
1970, prior to establishment of the village green and petrol filling station (later playground).  
During this operation, the former stream course appears to have been culverted beneath the 
region, and the marshland and former pond areas were apparently covered over.  The works also 
appear to have resulted in minor reprofiling along part of the southern site boundary, where 
evidence of some degree of undercutting was present historically.   
 
Taking into account the above information, there is evidence of Made Ground and infilled former 
stream/pond features within the adjoining area to the south, albeit of likely shallow extent.  The 
extent of the infilled ground does not appear to impact upon the site or the conditions therein.  
However, some targeted investigation is warranted to identify or discount the presence of 
reworked ground along the southern edge of the site. 
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2.6 Hydrology and Hydrogeology 

The nearest surface feature is the un-named stream, which borders the site to the west and which 
is presently culverted beneath the valley floor area to the south/south-east.  Flood maps presented 
within the Envirocheck Land Use Report in Appendix C show that the site does not lie within a 
zone of flood risk associated with the regional watercourses. 
 
Hydrogeological maps are presented within the Envirocheck Land Use Report in Appendix C.  
These maps indicate that the bedrock deposits beneath the site are designated as a Secondary A 
Aquifer.  No superficial aquifer designation is provided due to the lack of any mapped superficial 
deposits, and it is current EA policy to adopt the bedrock aquifer designation in such instances.  
However, based on the foregoing suppositions (see Section 2.5.1), the anticipated surface cover of 
fine-grained Glacial Till and residual soils would be expected to have low permeability.  Such 
soils would be anticipated to have the ability to inhibit the vertical migration of mobile 
contaminants, should they exist at the ground surface.  This is consistent with the designations of 
‘unproductive strata’ and ‘soils of low leaching potential’ which are given by EA to the belt of 
Glacial Till to the south of the site.  
 
No groundwater abstractions for potable public water supply or groundwater Source Protection 
Zones (SPZ) have been identified within 1km of the site. 
 
 

2.7 Hazardous Gas 

2.7.1 Radon 

Reference to BRE Digest 211 (Ref. 6) indicates that the site lies in an area in which full radon 
protection measures are required in the construction of new dwellings. 
 
2.7.2 Other Ground Gases 

The desk study and walkover survey have not identified any potential gas sources within the main 
part of the site (see Section 2.5.3), and a gas risk is not considered to exist across the majority of 
the area.  Information provided by the desk study and walkover survey (see Section 2.4) suggests 
that the two small quarry areas at the eastern edge of the site remain open with no evidence of 
infilling.  They are hence not considered to represent a potential gas source. 
 
It has been identified that reprofiling works have taken place on the valley floor area to the south 
of the site, infilling the former stream and pond features and a surrounding expanse of marshy 
ground (see Section 2.5.3).  Any organic-rich materials or buried vegetation within this region 
may represent a source of gas generation.  However, given that the proposed dwellings at the site 
are located remote from the southern boundary, the risk of gas ingress to enclosed structures 
would appear marginal, and would be more than adequately mitigated by the provision of full 
radon protection measures as described in Section 2.7.1 above.  
 
The available information suggests that the reprofiling works may have extended into the southern 
extremity of the site, where evidence of some degree of undercutting was present historically.  
Targeted investigation is therefore warranted near the southern edge of the site to identify or 
discount the presence of Made Ground and/or buried vegetated/topsoil horizons resulting from the 
reprofiling.  Such investigation would assist in considering the likely impact on the gas regime 
together with other development implications.     
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2.8 Brief Outline of Preliminary Conceptual Model of Pollutant Linkage 

The available information indicates that the site has remained as undeveloped agricultural land 
since the earliest available records.  No specific contamination sources have been identified, and 
no deposits of Made Ground are anticipated at the site in general.  There is evidence of some 
minor reprofiling along part of the southern boundary in conjunction with the infilling of the 
adjoining land.  Such reprofiling may have resulted in the deposition of Made Ground near the 
southern boundary, albeit of likely limited extent.  Evidence has been identified of two small 
quarries impinging on the eastern margins of the site, although they appear to remain open and 
heavily vegetated to the present day with no evidence of infilling. 
 
The infilled valley floor area to the south is not considered to represent a significant gas risk to the 
proposed development (see Section 2.7.2).  However, investigation is required to identify or 
discount the presence of a gas source along the southern limits of the site. 
 
Due to the sensitivity of the development, appropriate intrusive investigatory work is warranted to 
examine the physical, geotechnical and chemical characteristics of the soils at the site, together 
with the groundwater and soil gas regime, in order to provide information to assist in the design 
and construction of the development. 
 
In order to provide further information in respect of the identified constraints and to evaluate their 
significance in the context of the proposed development, a structured intrusive investigation was 
undertaken as detailed in Section 3. 
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3 Site Investigation 

3.1 Overview 

This section of the report describes the intrusive fieldworks and presents the results of laboratory 
and in-situ testing. 
 
The scope of intrusive investigatory works was originally proposed by GIW in the tender 
quotation, and has been reviewed in order to address the matters raised by the desk study.  It 
should be noted that the investigation has been confined to the land parcel defined as the site in 
Section 1.1, i.e. the area within which development is proposed.  Access was not made to the 
adjoining village green area to the south since no development is proposed in this area, and a 
carnival was in progress at the time of the fieldworks. 
 
The investigatory works undertaken consisted of the following items. 
 

i. A total of 10 machine-excavated trial pits located across the proposed development site. 
ii. In-situ soakaway tests conducted within 3 of the trial pits at locations predetermined by 

the Engineer, in order to identify the infiltration characteristics of the encountered strata. 
iii.  In-situ CBR correlation tests to provide soil stiffness parameters at 4 locations in the 

vicinity of the proposed access roads and vehicle parking areas. 
 
Laboratory geotechnical tests and chemical analyses have been carried out on selected samples of 
soil recovered from the exploratory holes. 
 
The elevations at the exploratory hole and in-situ test locations were interpolated from data 
presented on the topographic survey drawing provided by the Engineer, and reproduced as 
Figure 2.  Reference to current-edition OS maps suggests that the elevations thus derived are 
relative to Ordnance Datum.  National Grid co-ordinates at the centre of each location were 
established using a hand-held Global Positioning System (GPS), giving a positional accuracy of 
typically around 3m.  The exploratory hole and in-situ test locations are shown relative to the 
existing and proposed site layout on Figures 2 and 3 respectively. 
 
The investigatory fieldworks were undertaken on 11th August 2012, during a brief period of dry, 
fine weather.  The fieldworks were supervised by a geotechnical engineer from GIW, and were 
executed in accordance with the guidance given in BS 5930:1999 (see Ref. 7) and BS EN 1997-
1:2007 (see Ref. 8).  The positioning of exploratory holes across the site also maintained 
compliance with the guidance given in BS 10175:2011 (see Ref. 9).  The intrusive investigatory 
works and associated work items are described in the following sections. 
 
 

3.2 Fieldworks 

3.2.1 Trial Pits 

A total of 10 trial pits (TP1-TP102) were sunk across the site on 11th August 2012, in order to 
characterise the near-surface sequence.  The trial pits were sunk using a 5-tonne, tracked, 
backacting, hydraulic excavator, and were extended to depths of up to 3.90m below existing 
ground level.  Several of the trial pits terminated upon refusal on impenetrable bedrock at depths 
as shallow as 1.35m.  The trial pits were positioned at regular spacing of typically around 25-50m 
across the site, to maintain compliance with current guidance (see Ref. 9).  Three of the trial pits 
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(TP1, TP2 and TP3) were sunk at locations which were predetermined by the Engineer, to 
facilitate infiltration tests at the proposed soakaway locations (see Section 3.2.2). 
  
Small and bulk disturbed soil samples were recovered from each of the trial pits for subsequent 
laboratory testing.  Estimation of the undrained cohesion of the upper fine-grained soil horizons 
was made during the field logging, with the assistance of a calibrated hand vane at regular 
intervals within suitable strata.  Estimation of the relative density of the coarse-grained strata and 
in-situ strength of the upper bedrock horizons (where present) was based on field observations of 
the ease of excavation and composition of the recovered arisings.  Where appropriate, estimations 
of relative density were made using a Mackintosh probe penetrometer. 
 
Following completion and photographing, the trial pits were backfilled with the excavated 
arisings, which were placed in thin horizontal layers and compacted under the bucket and tracks 
of the excavator to minimise future settlement.  The original topsoil/turf surfacing was replaced 
over the backfilled positions to allow re-establishment.  A number of designated trial pits were left 
open for the purpose of in-situ soakaway testing (see Section 3.2.2), and were backfilled upon 
completion of the testing. 
 
The trial pit records are presented in Appendix E, and photographs of the open excavations and 
the recovered arisings are included in Appendix F.   
 
3.2.2 In-situ Soakaway Tests 

In-situ soakaway tests were conducted within trial pits TP1, TP2 and TP3, to obtain  information 
on the infiltration characteristics at the proposed soakaway locations as predetermined by the 
Engineer.  The encountered strata succession groundwater observations at these test locations 
were found to be representative of the range of conditions identified across the site as a whole.  
The trial pits were excavated and trimmed to achieve uniform dimensions over the test zone.  In-
situ tests were conducted broadly in accordance with the procedures in BRE Digest 365: 2007 
(see Ref. 10).  In line with the prescribed procedures, the test pits were rapidly filled with potable 
water from a 2,000 gallon towed tanker provided by the Client, and the drop in water level was 
measured over the subsequent test period.   
 
The rate of infiltration in trial pit TP2 was found to be reasonably rapid, to the extent that 2 further 
refillings and repeat tests could be conducted within the available timescale (i.e. to model the 
conditions of repeated infiltration as would occur in the completed soakaway installation, as 
described in BRE Digest 365.  The rate of infiltration in trial pits TP1 and TP3 was somewhat 
slower, such that only a single test could be undertaken at each location within the available 
timescale.   
 
Following completion of the in-situ tests, the trial pits were backfilled as described in Section 
3.2.1. 
 
The calculation of infiltration rate has been undertaken in accordance with the methodology 
described in BRE Digest 365.  The water depth versus time plots, together with calculations of 
infiltration rates, are presented in Appendix G. 
 
3.2.3 In-situ CBR Correlation Tests 

In order to provide data to assist in the determination of pavement design criteria, a total of 4 in-
situ CBR correlation tests (DCP1-DCP4) were conducted along the alignment of the proposed 
access roads and in the vicinity of the proposed access roads and parking/turning areas (see 
Figure 3). 
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The tests were conducted from existing ground level using a TRRL-approved dynamic cone 
penetrometer (DCP), which enables the rate of penetration to be measured relative to dynamic 
loads imparted by a drop hammer of standard mass and dimensions.  Using this apparatus, 
continuous data is obtained to a depth of approximately 900mm below the commencing surface, 
or to the upper surface of the impenetrable bedrock stratum.  The results are used to provide 
estimates of CBR values using the empirical correlation published in the TRRL Overseas Road 
Note 8.   
 
The results of the in-situ CBR correlation tests and the CBR values derived using the above 
procedure are presented in Appendix H. 
 
 

3.3 Laboratory Chemical Analyses 

Samples of near-surface soil recovered from 6 of the exploratory holes have been analysed in the 
laboratory for a range of potential contaminants.  In the absence of any identified specific point 
sources of contamination, the range of potential contaminants was selected to include the typical 
range which may be expected to occur on almost any UK brownfield site, and which is considered 
to represent the principal contaminants of concern at this site.  Identification of the contaminants 
of concern and justification for the adopted sampling strategies are given in Section 5.  
 
The geo-environmental test suite conducted on the aforementioned samples included a range of 
chemical parameters, to inform the determination of the aggressive chemical environment for 
buried concrete (ACEC) classification in accordance with BRE Special Digest 1 (Ref. 5).  These 
parameters comprised the following: 

• sulphate content (total); 
• sulphate content (water soluble); 
• sulphur content (total); and 
• pH value. 

 
A total of 4 further soil samples from the deeper, naturally occurring soil strata were also analysed 
for the aforementioned range of chemical parameters, to assist in the ACEC determination.  
 
The geo-environmental analyses were carried out by a UKAS accredited testing laboratory with 
detection limits being compatible with the relevant guideline values.  The results of the laboratory 
testing are presented in Appendix I. 
 
 

3.4 Laboratory Geotechnical Testing 

A range of laboratory geotechnical tests was undertaken on soil samples recovered from the 
exploratory holes.  The laboratory testing schedule comprised analyses to determine the natural 
moisture content, Atterberg limits and particle size distributions of the encountered strata: 
 
All geotechnical tests were carried out by a UKAS accredited testing laboratory in accordance 
with BS1377: 1990 (Ref. 11), and the results are presented in Appendix J. 
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4 Ground and Groundwater Conditions 

4.1 Stratigraphy 

4.1.1 General 

The intrusive investigation has revealed the site to be underlain by a surface horizon of fine-
grained Topsoil, passing into a variable sequence of predominantly fine-grained Glacial Till soils.  
Several of the trial pits were terminated within the Glacial Till sequence at depths of around 
3.50m below existing ground level (e.g. TP1, TP3 and TP8).  Elsewhere, the Glacial Till sequence 
was underlain by weathered bedrock of the Milford Haven Group at depths of between 1.0m 
(TP4) and 3.70m (TP7).  In places, the fine-grained Glacial Till soils were interrupted by coarse-
grained horizons.   
 
Targeted investigation near the southern site boundary revealed a thin veneer of reworked soils 
over the naturally deposited profile, consistent with the historical evidence of regrading works in 
the region. 
 
The encountered ground conditions are broadly consistent with the published geological mapping 
described in Section 2.5.1, with the exception that the bedrock strata are overlain by a surface 
veneer of Glacial Till of variable thickness.  The encountered sequence is consistent with that 
indicated by the archive exploratory hole records to the north and north-east (see Section 2.5.2), 
and is discussed in more detail in the following sections. 
 
4.1.2 Made Ground 

All of the exploratory holes were sunk through the existing grass surface, and generally 
encountered naturally deposited, fine-grained Topsoil materials.  However, trial pit TP3 was sunk 
near the southern boundary, both to serve as a soakaway test location and to target the area of 
suspected reprofiling as indicated by the historical maps (see Section 2.4).  Consistent with the 
available evidence, the trial pit intercepted a 0.70m thick horizon of Made Ground, composed of 
Topsoil over reworked, low-strength, fine-grained soils.  The composition of the soils was 
consistent with the naturally deposited sequence encountered elsewhere at the site, albeit of lower 
strength and containing localised ‘foreign’ items such as gravel size coal fragments.  The 
transition to the underlying naturally deposited sequence was almost imperceptible, being marked 
by a slight increase in strength and reduction in moisture content.  Critically, no vegetated 
horizons or buried Topsoil was encountered beneath the reprofiled area.  
 
4.1.3 Existing Surface Materials (Topsoil) 

With the exception of TP3, all of the trial pits extended through a fine-grained Topsoil surface 
which appeared to be naturally deposited.  Ranging in thickness from around 0.10m to 0.25m, this 
was found to consist of brown, extremely closely fissured, locally slightly gravelly clay or silt, 
passing into the fine-grained Superficial/Glacial sequence.   
 
4.1.4 Undifferentiated Superficial Deposits 

All of the exploratory holes encountered a veneer of low-strength, fine-grained soils beneath the 
surface deposits and localised reprofiled ground (i.e. in TP3).  This superficial horizon ranged in 
thickness from 0.15m to 0.55m, and could be differentiated from the underlying Glacial Till by its 
brown or grey-brown colouration, reduced strength and increased moisture content.  It is thought 
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likely that the superficial deposit may have arisen from one of a range of processes, including 
historical cultivation, down-gradient transportation or complete weathering of the Glacial Till. 
 
The superficial deposit was found to consist of slightly gravelly clay or silt, often closely fissured 
and containing root debris.  It was generally found to pass into the Glacial Till sequence at depths 
of between 0.25m and 0.60m below existing ground level, increasing to 1.25m where overlain by 
reprofiled deposits (i.e. in TP3).  Field observations indicated the deposit to be generally of soft-
to-firm consistency in-situ, whilst laboratory testing on a sample collected from TP3 classified the 
material as a clay of high plasticity.   
 
4.1.5 Glacial Till (fine-grained) 

The exploratory holes generally extended into fine-grained Glacial Till beneath the superficial 
horizon.  The deposit was weathered in the upper part, and consisted of a succession of slightly 
sandy, slightly gravelly clays and silts ranging widely in colour from pale brown and grey-brown 
to red and orange-brown.  Field observations and the results of in-situ hand vane determinations 
indicated the weathered deposits to be generally of firm consistency, reducing to soft or soft-to-
firm in places (such as in TP2-TP4, TP6 and TP9).  Laboratory classification undertaken on 
selected samples identified the deposit as a clay of intermediate to high plasticity.  This was 
consistent with the observations across the deposit as a whole, which generally identified plastic 
soils.   
 
At several locations (e.g. TP1, TP2, TP4), a horizon of low-strength, pale brown and orange-
brown slightly gravelly silt occurred at depths of between around 0.50m and 1.50m.  Laboratory 
classification undertaken on a sample from trial pit TP4 identified the deposit as having high 
plasticity. 
 
The depth to the base of the weathered deposits varied across the site, ranging from around 0.70m 
(in TP4) to 2.20m (in TP1).  The shallow thicknesses were limited to those areas in which bedrock 
was identified at shallow depth (e.g. in TP4, TP9 and TP10).  Where the deeper deposits occurred 
(such as in TP1 and TP5-TP8), the lower strength horizons diminished and firm strata persisted 
below depths of up to 1.50m.  Where present, the lower deposits contained localised sand lenses 
together with sporadic cobble and boulder size fragments derived from the local lithology.  The 
conditions in trial pit TP3 differed in that soft-to-firm deposits extended to the full thickness of 
the weathered sequence at 2.10m depth.  The localised reduction in strength at this location may 
be attributable to surface water runoff from a large ‘raft’ of detached rock material, which 
extended from 0.70m depth in the western end of the excavation and was almost 2.0m in size 
within the visible exposure. 
   
Away from the areas of shallow bedrock, the weathered, upper horizons were underlain by 
unweathered Till dominated by firm and stiff fine-grained soils.  These were found to contain 
localised gravel to boulder size clasts derived from the local lithology, together with inclusions of 
pale grey and yellow/orange sand and gravel size calcareous siltstone/sandstone.  At several 
locations (e.g. TP1, TP3 and TP8), the Glacial Till strata persisted to the base of the excavations 
at depths of up to 3.7m below ground level.  Elsewhere, however, the deposit passed into 
weathered bedrock strata at variable depths. 
 
4.1.6 Glacial Till (coarse-grained) 

Whilst fine-grained strata dominated the Glacial Till sequence, they were interrupted at laterally 
variable horizons by coarse-grained deposits.  Ranging from 0.20m to 0.85m in thickness, the 
coarse-grained horizons exhibited no lateral or vertical correlation, and were absent from the 
sequence locally (e.g. in TP8).  Generally, however, they occurred at the transition from the 
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Glacial Till to the underlying weathered bedrock (e.g. in TP2, TP5-TP7, TP9 and TP10).  Where 
encountered, they consisted of clayey or silty, slightly sandy, locally cobbly gravel size fragments 
composed almost entirely of the local lithology.  Field observations of the ease of excavation 
indicated the deposits to range from medium dense to dense in-situ.  
 
4.1.7 Milford Haven Group bedrock 

The upper surface of the Milford Haven Group bedrock (formerly termed ‘Red Marls’) was 
intercepted in trial pits TP2, TP4-TP7, TP9 and TP10.  Where encountered, it was found to occur 
at variable depths of between around 1.0m and 3.60m below existing ground level.  The 
shallowest depths (typically 1.0-1.20m) were identified in the east and north-east of the site, in 
trial pits TP4, TP9 and TP10, suggesting that the rockhead profile rises north-eastwards.  
Consistent with this supposition, the greatest depth to bedrock was identified in trial pit TP7, and 
the corresponding stratum was not intercepted in excavations to depths of up to 3.70m along the 
western boundary (i.e. TP1 and TP8).  Field observations suggest that the adjacent A478 road 
appears to be cut into the rock strata.  This would account for the presence of the former quarries 
which were cut into the eastern margins of the site from around road level.  
 
The bedrock sequence in the east and north-east was found to consist of a thin, very closely 
fractured, weathered horizon, passing abruptly into horizontally bedded, slightly weathered 
siltstones.  Trial pit TP4 found the weathered zone to be less than 0.20m in thickness, passing into 
slightly weathered bedrock which became impenetrable below 1.35m depth.  Trial pits TP9 and 
TP10 encountered a slightly greater thickness (up to 0.95m) of weathered material, reaching 
refusal on impenetrable bedrock at 1.80m and 2.15m respectively. 
 
The depth of the weathered zone was found to increase as the bedrock stratum dipped south-
westwards beneath the site.  The trial pits in the central region (TP2 and TP5-TP7) encountered a 
sequence of very closely fractured, often structureless siltstones, identified as being moderately to 
highly weathered.  The deposit was identified to be weak in-situ, readily broken upon excavation 
with a toothed bucket and recovered non-intact as a composition of slightly silty/sandy gravel and 
cobble size clasts.  The weathered sequence was proved to a depth of at least 1.15m, where it 
continued below the base of trial pit TP5.  However, none of the excavations in this region 
intercepted the slightly weathered rock characteristic of the eastern/north-eastern area.   
 
 

4.2 Incidence and Behaviour of Groundwater 

The majority of the exploratory holes did not intercept groundwater.  However, a slow 
groundwater inflow was recorded within the base of trial pit TP1 shortly after excavation to 3.70m 
depth.  Groundwater was intercepted at a similar horizon within the upper part of the bedrock 
sequence in TP7.  Trial pit TP3 was located near the valley floor area in the south-eastern part of 
the site, and intercepted groundwater at 3.20m depth within the Glacial Till sequence.  The 
groundwater at this location was not found to rise appreciably over a duration of approximately 
1 hour prior to commencement of the in-situ infiltration test. 
 
It is not possible to determine the groundwater flow direction from the available information.  
However, from inspection of the topographical setting and the encountered rockhead profile, it is 
anticipated that regional groundwater flow is down-gradient to the south or south-west.   
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4.3 Field Evidence of Contamination 

The exploratory holes have identified the majority of the site to be underlain directly by naturally 
occurring soils, with no evidence of Made Ground.  Evidence of minor reprofiling has been 
identified alongside part of the southern boundary in trial pit TP3.  However, the constituents of 
the reprofiling were found to consist of locally derived soils, with no evidence of vegetated or 
buried Topsoil horizons.  Inspection of the site in 2012 has identified that the localised areas of 
former quarry extraction at the eastern edge of the site remain uneven and densely vegetated, with 
no evidence of infilling. 
 
No direct visual or olfactory indicators of contamination have been identified during the 
investigatory fieldworks.  Therefore, no sources of potential contamination have been identified at 
the investigated locations. 
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5 Ground Contamination Risk Assessment 

5.1 Introduction 

This section of the report examines the nature and concentrations of contamination that have been 
identified in the ground at the site.  The data is used to quantitatively assess chronic human health 
risks in the context of the proposed development.  Water pollution and gas risks are considered in 
qualitative terms, based on the review of the site setting and the findings of the intrusive 
investigatory works. 
 
 

5.2 Possible Sources of Land Contamination 

5.2.1 Contamination from historical and present-day land use 

The desk-based research presented in Section 2 has not identified any potentially contaminative 
former land uses at the site.  The site continues to be used at the present-day for livestock grazing 
and crop growth and, therefore, does not represent a contaminative land use.  Evidence has been 
identified of minor reprofiling along part of the southern edge in conjunction with reclamation 
works on the adjoining valley floor.  However, the Made Ground deposited during reprofiling 
works is consistent with, and appears to be derived from, the surrounding near-surface soils.  
Furthermore, no evidence of buried vegetation or Topsoil has been identified beneath the 
reprofiled area.  Reference to the available information and observations made during the 
walkover survey suggest that the former quarry areas at the eastern edge of the site remain as 
excavated, with no evidence of infilling. 
 
Notwithstanding the above, due to the sensitivity of the development, an assessment of risks 
posed from land contamination to human receptors in the context of the proposed development is 
warranted. 
 
5.2.2 Ground gas 

The desk-based research (see Section 2.7.2) and subsequent intrusive investigation have not 
identified any potential gas sources within the main part of the site, and a gas risk is not 
considered to exist across the majority of the area.  The available information and field 
observations have also identified that the two small quarry areas at the eastern edge of the site do 
not represent a potential gas source. 
 
The research has identified historical infilling of the former stream valley area to the south of the 
site.  However, it is considered that the risk of gas ingress to enclosed structures at the site would 
appear marginal, given the distance from the infilled features.  The intrusive investigation has 
revealed no evidence of further gas sources resulting from the reprofiling works in the site’s 
southern margins. 
 
In view of the above, a significant gas risk is not considered to exist at the site.  The ingress of any 
residual ground gas into enclosed spaces would be more than adequately mitigated by the 
provision of full radon protection measures, which are a requirement at the site (see Section 
5.2.3).  
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5.2.3 Potential for Radon Gas 

The sources consulted during the desk study (see Section 2.7.1) indicate that full radon protection 
measures are required within new construction at the site. 
 
 

5.3 Potential Contaminants 

We have not identified any specific potential sources of ground contamination at the site, and no 
direct visual or olfactory evidence of contamination has been encountered during the fieldworks. 
 
However, in order to quantitatively assess chronic human health risks at the site in the context of 
the proposed development, we have tested for the following soil contaminants that are typically 
and commonly found in shallow soils in the UK. 
 

• Metals & semi-metals: arsenic, boron, cadmium, chromium, copper, lead, mercury, 
nickel, selenium, zinc. 

• Inorganic chemicals: cyanide, sulphate, sulphur. 
• Organic chemicals: polycyclic aromatic hydrocarbons (PAH) and phenols. 

 
The desk-based research has not identified any evidence of former building structures at the site.  
Therefore, asbestos materials may be eliminated as a potential contaminant of concern.  Similarly, 
no evidence of the use or leakage/spillage of petroleum hydrocarbon products has been identified 
during the intrusive investigation.  In the absence of any such indicators or historical evidence of 
such contaminants, petroleum hydrocarbons are considered unlikely to exist at the site.   
 
 

5.4 Assessment of Chronic Human Health Risks 

5.4.1 Context 

Chronic human health risks arising from possible land contamination at the site are considered in 
the context of residential development, being the most sensitive of the land uses proposed at the 
site.  No attempt is made to evaluate acute human health risks such as might arise as a 
consequence of activities that take place during the redevelopment of the site.  Such matters 
should be considered by the Principal Contractor who, where necessary, should ensure that 
appropriate actions are taken to adequately mitigate such health risks. 
 
Following this assessment of chronic human health risks, the Conceptual Site Model (CSM) for 
the site is presented as Table 1. 
 
5.4.2 Methodology 

Chronic human health risks associated with possible land contamination at the site have been 
assessed using the generic quantitative risk assessment (GQRA) methods published by DEFRA 
and the Environment Agency in CLR 11 (Ref. 12).   
 
The assessment of chronic human health risks presented herein is based on a residential land use 
with the growth of edible plants.  This is the most sensitive generic end use and is applicable to 
the majority of the proposed development which is indicated to include private garden areas (such 
as could be used for edible plant growth).  In areas of permanent building construction or hard 
cover, or where other land uses are proposed (e.g. the extension to the village green area in the 
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south-east), the pollution linkages are of lesser sensitivity and this approach may be overly 
conservative.  It should then be reviewed in the context of the individual development areas if 
applicable. 
 
The Generic Assessment Criteria (GAC) adopted in the assessment have been taken as: 

 
(i) Published SGVs; 
(ii)  Recently withdrawn SGVs (for lead); 
(iii)  GAC derived by Land Quality Management/Chartered Institute of Environmental Health 

using CLEA. 
 

5.4.3 Environmental Sampling and Laboratory Testing 

The intrusive investigatory works have been targeted to provide regular spatial coverage across 
the site, in accordance with the guidance given in BS10175: 2011 (see Ref. 9).  Samples were 
taken from the near-surface soil horizons at each of the investigated locations for the purpose of 
laboratory testing.  We consider that these soils are likely to remain close to the surface following 
completion of the proposed development, and end users could therefore be exposed to any 
contaminants contained within them.   
 
The primary purpose of the soil sampling exercise was to provide information on typical 
concentrations of soil contaminants and to inform a generic quantitative assessment of chronic 
human health risks.   
 
The results of the laboratory chemical analyses conducted on the selected soil samples are 
presented in Appendix I. 
 
5.4.4 Risk Assessment 

Our evaluation of chronic human health risks associated with the aforementioned contaminants is 
summarised in Table 2.  Where appropriate, the results of the mean value and maximum value 
tests described in the CLR procedure are shown on Table 2.   
 
The results of the analyses indicate that concentrations of the potential contaminants of concern 
are generally below their respective GAC for the generic residential end use with plant uptake.  
The tested contaminants are therefore not likely to be present at concentrations which would 
represent unacceptable risks to chronic human health in the context of the proposed end-use. 
 
An exception to the above is the concentration of arsenic detected in the sample taken from TP3 
in the south-east of the site (33mg/kg), which very marginally exceeds the GAC of 32mg/kg.  
This location is within the shallow zone of reprofiled ground which borders part of the southern 
boundary.  Concentrations of arsenic within the tested samples from the surrounding exploratory 
holes remain below the GAC, and the sample set is indicated to pass the mean value test described 
in the CLR procedure (see Table 2).  Furthermore, trial pit TP3 is located within a proposed area 
of communal open space (see Figure 3).  For such a land use, the pollution linkages are of lesser 
sensitivity than those applicable to private residential gardens and, hence, the use of the GAC set 
for residential use results in an over-conservative assessment.  The derivation of site-specific 
GAC for the proposed land use in this region is beyond the scope of the current work.  However, 
given that the arsenic concentration only marginally exceeds the GAC set for the most sensitive 
receptor and that the sample set passes the mean value test, we consider that arsenic 
concentrations are acceptable in the context of the proposed land uses at the site.   
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On the basis of the risk evaluation described above and presented on Table 2, we consider that 
chronic human health risks in the context of the proposed development are acceptable and no 
further action is warranted at the site.  This evaluation is based on the most sensitive generic land 
use, and is therefore applicable to both the residential development and the proposed amenity land 
use in parts of the site. 
 
 

5.5 Qualitative Assessment of Water Pollution Risks 

5.5.1 Context 

A quantitative assessment of water pollution risks arising from possible land contamination at the 
site is outside the agreed scope of works and no attempt is made to evaluate water pollution risks 
such as might arise as a consequence of activities that take place during the redevelopment of the 
site.  Such matters should, however, be considered by the Principal Contractor who, where 
necessary, should ensure that appropriate actions are taken to adequately mitigate such risks. 
 
5.5.2 Consideration of Potential Pollutant Linkage 

The desk study (see Section 2.6) has identified that the site is underlain by a Secondary A aquifer, 
representing the Milford Haven Group bedrock.  No superficial aquifer designation is provided 
due to the lack of any mapped superficial deposits, and it is current EA policy to adopt the 
bedrock aquifer designation in such instances.  However, intrusive investigation has revealed the 
bedrock at the site to be overlain by a variable thickness of fine-grained Glacial Till strata.  Such 
soils have low permeability, and hence have the ability to inhibit the vertical migration of mobile 
contaminants, should they exist at the ground surface.  This is consistent with the designations of 
‘unproductive strata’ and ‘soils of low leaching potential’ which are given by EA to the expanse 
of Glacial Till soils which are mapped to the south of the site.  
 
No groundwater abstractions for potable public water supply or groundwater Source Protection 
Zones (SPZ) have been identified within 1km of the site. 
 
In addition, based on the findings of the desk study and observations made during the fieldworks, 
no specific contamination sources or direct visual/olfactory evidence of contamination have been 
identified during the investigatory works.  Laboratory testing and assessment (see Section 5.4) 
have identified that concentrations of total potential contaminants in the soil are low. 
 
5.5.3 Conclusion 

Based on the above, it is our opinion that pollution risks to controlled waters are low and that no 
further consideration is warranted at this stage. 
 
We note that the Client is considering the feasibility of using soakaways as a method of surface 
water disposal.  Given the lack of specific contaminant sources and the low concentrations of total 
potential contaminants in the soil, we consider that, further assessment of water pollution risks 
associated with the use of such facilities is not warranted at this stage. 
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5.6 Qualitative Assessment of Methane and Carbon Dioxide Gas Risk 

5.6.1 Consideration of Risk 

Based on the findings of the desk study and intrusive investigation, we consider that significant 
sources of gas generation do not exist at the site.  An off-site source of potential gas generation 
has been identified to the south, resulting from the infilling of a section of the former stream 
valley.  However, given the distance to the proposed dwellings and the widespread surface veneer 
of fine-grained Glacial Till soils, pathways for the migration of ground gas to the site are not 
considered to exist.   
 
5.6.2 Conclusion 

Based on the above, the gas risk across the majority of the site area is considered negligible, and 
requires no specific mitigating measures to be incorporated within the ground floor construction.   
The ingress of any residual ground gas into enclosed spaces would be more than adequately 
mitigated by the provision of full radon protection measures, which are a requirement at the site 
(see Section 2.7.1).  
 
 

5.7 Remedial Action 

The outcomes of the preceding risk assessments are summarised below.  
 
Description of risk Has a significant potential for 

significant risk been identified? 
Is remedial action considered 

necessary? 

Chronic Human Health Risk No No 

Water Pollution Risk No No 

Radon Gas Risk Yes Yes – full measures 

Ground Gas Risk No No 
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6 Geotechnical Assessment 

6.1 Context 

This section of the report presents a geotechnical assessment of the ground conditions in the 
context of the proposed residential development.  Advice is given for the design and construction 
of foundations and ground floor slabs for the proposed residential dwellings, and soil stiffness 
parameters are provided to assist in the design of the proposed access roads and hardstanding 
areas.  Recommendations are provided in respect of the ACEC determination based on the results 
of laboratory testing, and advice is given on the suitability of the site for the incorporation of 
soakaway drainage systems.  Consideration is also given to temporary works issues such as 
excavation and groundwater control. 
 
 

6.2 Summary of Development Proposals 

The development proposals are outlined on Drawing No. 8107/SK01, Revision M, dated August 
2008, prepared by Pembroke Design Limited (see Ref. 1), and reproduced as Figure 3.  It 
indicates a proposed development of 46 low-rise residential dwellings with vehicle parking, 
domestic garages and private gardens. The dwellings are arranged around an east-west aligned 
access road to adoptable standards, leading westwards from the existing access off the A478 road.  
An area in the south-east is to accommodate an extension to the village green, together with other 
amenity land use. 
 
We are of the understanding that the residential dwellings at the site are to be of conventional, 
two-storey, masonry or timber framed construction.  At the time of writing, the foundation loads 
had not been confirmed.  However, based on experience, we anticipate that line loads would not 
exceed around 70kN/m run for the proposed structures. 
 
The following advice and recommendations are given on the understanding that the development 
proposals outlined on the aforementioned drawing remain current and that existing ground levels 
will not be subject to significant alteration.  If significant changes are proposed to the layout or 
development levels, the following advice should be  reviewed and, if necessary, amended. 
 
 

6.3 Assessment of Identified Geotechnical Issues 

6.3.1 ACEC Classification 

Introduction 
The aggressive chemical environment for concrete (ACEC) classification for the site has been 
determined using the methodology described in BRE Special Digest 1 (Ref. 5).  For the purpose 
of determining the ACEC, the site has been treated as a natural ground location, on the basis that 
no former land use has been identified by the desk study and no Made Ground deposits have been 
revealed by the intrusive investigation within the area of the proposed construction.  The localised 
presence of reprofiled ground adjacent to the southern boundary and the former quarries at the 
eastern edge of the site are outside the main development area and are not considered significant.  
Static groundwater conditions have been taken to apply, based on observations made during the 
intrusive investigation which suggest that groundwater levels are likely to remain below the 
proposed buried concrete structures. However, in accordance with the BRE guidelines, this 
supposition should be proved by the excavation of a pit to the full depth of the proposed 
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construction, and monitoring of any groundwater ingress over a 24 hour period.  If, after 24 hours, 
no groundwater is present within the pit, the groundwater can be classified as ‘static’, otherwise 
the groundwater should be considered ‘mobile’.  Care should be taken in this respect to ensure 
that the pit does not collect precipitation or surface water runoff, rather than groundwater. 
 
The desk study has identified the potential for elevated sulphate or pyrite concentrations to be 
inherent within the Glacial Till strata at the site, on account of their mixed lithology.  An 
appropriate suite of chemical testing was therefore undertaken in accordance with the BRE 
guidelines, in order to inform an accurate evaluation of the ACEC. 
 
Evaluation 
The pH values of the soil and groundwater samples taken from the site ranged from 5.3 to 7.9, 
indicating acidic to slightly alkaline chemical conditions.  Levels of water soluble sulphate ranged 
from below the detection limits of the laboratory instruments (10mg/l) up to 70mg/l.  The level of 
acid soluble sulphate ranged from 0.06% to 0.16%.  Total sulphur concentrations ranged from 
0.02% up to localised high concentrations of 0.48%.  The calculated maximum level of oxidisable 
sulphides exceeds 0.3% in around 40% of the tested sample set, further suggesting the presence of  
pyritic conditions.   
 
For the purpose of assessing the ACEC, the ‘characteristic values’ of soil sulphate and pH value 
are used.  Based on the guidelines of BRE SD1, the following characteristic values have been 
determined.  
 

pH value  Water soluble sulphate 
(WSS) 

Total Potential Sulphate 
(TPS) 

Characteristic 
Value 

Characteristic 
Value (mg/l) 

Design Sulphate 
Class 

Characteristic 
Value (%) 

Design Sulphate 
Class 

 
5.3 

 
50 

 
DS-1 

 
1.44 

 
DS-4 

 
Classification 
In accordance with the BRE guidance, the Design Sulphate class for the site should be taken as 
the highest classification derived using the above procedures.  Therefore, the Design Sulphate 
class for the site is DS-4, and the ACEC site classification is AC-3s.  This classification should be 
used in the design of all buried concrete structures, including the concrete of foundations, floor 
slabs, pavements and services. 
 
 

6.4 Foundation and Floor Slab Design Considerations 

6.4.1 Summary of Encountered Conditions 

Encountered Ground and Groundwater Conditions 
Beneath a surface veneer of fine-grained Topsoil, the exploratory holes identified a variable 
sequence of predominantly fine-grained Glacial Till soils, passing into weathered bedrock at 
variable depths of between 1.0m (TP4) and 3.60m (TP7).  The upper surface of the bedrock 
stratum was found to slope gently downwards in a south-westerly direction, such that trial pits at 
the western edge of the site (TP1 and TP8) terminated within the Glacial Till sequence at depths 
of up to 3.70m.   
 
The upper, weathered horizons of the Glacial Till were found to be locally of low strength (soft or 
soft-to-firm) to depths of up to 1.50m below ground level (increasing to 2.10m beneath the 
reprofiled ground in TP3 in the south-east of the site).  The underlying unweathered Till was 
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found to be of generally firm or stiff consistency.  Laboratory classification testing has identified 
fine soils of intermediate to high plasticity throughout the sequence.  The fine grained soils were 
interrupted in places by medium dense to dense, coarse-grained horizons, commonly occurring at 
the transition from the unweathered Till to the bedrock stratum. 
 
Groundwater was intercepted at 3 locations, at depths ranging from 3.20m to 3.90m below 
existing ground level.  Where excavations were left open for extended periods (e.g. for the 
purpose of soakaway testing), groundwater levels were not found to rise appreciably. 
 
6.4.2 Foundation Design Considerations 

The surface horizons of undifferentiated superficial deposits and low-strength, weathered Glacial 
Till strata are not recommended as a bearing stratum for foundations, owing to their localised low 
strength and the consequent potential for unacceptable differential settlements to occur.  We 
recommend that foundations are taken down to the underlying competent strata, as described 
below.  Since the strata sequence was found to be variable in a north-east to south-west direction 
across the site, the foundation design aspects were found to be similarly variable within discrete 
zones, each of which is described below.  
 
North-eastern part of site 
This section relates to the area of proposed residential development in the north-eastern third of 
the site.  Trial pits TP4, TP9 and TP10 were excavated in this area, and identified the fine-grained 
Glacial Till to be underlain by weathered bedrock or an overlying horizon of coarse-grained Till 
at depths of between 0.75m and 1.05m. 
 
It is recommended that conventional spread foundations in this region are taken down to the 
weathered bedrock or (where present) the overlying coarse-grained stratum.  A presumed bearing 
value of 150kN/m2 is appropriate for use in design, which should ensure that settlements remain 
well within normal acceptable tolerances (i.e. total settlements not exceeding 25mm).  Greater 
bearing capacity may be mobilised by extending foundations to the impenetrable, slightly 
weathered bedrock stratum which occurs at depths of between 1.20m and 2.05m, although this is 
unlikely to be necessary for the proposed low-rise development. 
 
Field observations indicate that the coarse-grained Glacial Till stratum contains a significant 
proportion of fine soil (clay and silt) in this region.  The result of particle size distribution testing 
undertaken on a sample from trial pit TP9 (see Appendix J) indicates a fine soil fraction of 27%, 
consistent with the field descriptions.  Such a stratum may exhibit some degree of volume change 
movement with variations in moisture content, albeit to a much lesser extent than that exhibited 
by a dominant fine-grained soil.  As a precautionary approach, the coarse-grained stratum should 
be regarded to have low volume change potential on account of its fine soil constituents.  A 
minimum depth to formation of 0.75m should be adopted in accordance with the guidance given 
in NHBC Standards, Chapter 4.2 (see Ref. 13).  The foundation depth should be extended in 
accordance with the NHBC guidance in proximity to existing or proposed vegetation.  However, 
the actual depth may be terminated upon reaching the weathered bedrock stratum, which is 
regarded as being non-susceptible to volume change movements.  Trial pits TP4, TP9 and TP10 
identified the weathered bedrock at depths of between 1.05m and 1.20m below existing ground 
level. 
   
Central part of site 
This section provides recommendations relating to the central third of the site.  Trial pits TP2 and 
TP5-TP7 were located across this area, and encountered the weathered Glacial Till stratum to 
depths ranging from 1.05m to 1.75m below existing ground level.  Locally of low strength in its 
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upper horizons, the fine-grained stratum was generally found to be of firm consistency below 
around 0.90-1.0m depth.  However, soft deposits persisted in trial pit TP7 to 1.65m depth.  The 
underlying strata varied from firm, fine-grained unweathered Till, to medium dense gravels.  The 
weathered upper surface of the bedrock stratum was intercepted at depths ranging from 1.90m 
TP2) to 3.60m (TP7). 
 
It is recommended that spread foundations in this region are taken down to the firm, fine-grained 
soils which underlie the low-strength upper horizons at depths of typically around 0.90-1.0m 
below existing ground level.  However, it is noted that the low-strength soils extend to greater 
depth with distance south-westwards (i.e. in the region of TP7), necessitating foundation 
excavations to around 1.60m below existing ground level.  The construction of pad-and-ground-
beam foundations may prove more cost effective than trenchfill foundations in this situation.  
Alternative options such as the use of vibro-ground treatment are unlikely to provide a practical 
solution, since it would be necessary to extend excavations for ground beams to around 0.90m 
depth in any event to comply with NHBC guidance (see below).  
 
A presumed bearing value of 100kN/m2 is appropriate for use in design, which should ensure that 
settlements remain within normal acceptable tolerances (i.e. total settlements not exceeding 
25mm).  This bearing value is limited to avoid overstressing the firm fine-grained soils which 
continue below formation; settlements are likely to be significantly reduced where coarse grained 
horizons are intercepted during excavation.   
 
The results of laboratory classification testing (see Appendix J) indicate the fine-grained soils 
below likely formation to have plasticity indices ranging from 17% to 27%.  Reference to the 
NHBC Standards, Chapter 4.2 (see Ref. 13) indicates that these soils generally have medium 
volume change potential with variations in moisture content.  A minimum depth to formation of 
0.90m should therefore be adopted within this region, subject to reaching the firm bearing stratum 
beneath the low-strength upper horizons.  Foundations should be stepped downwards in 
accordance with the NHBC guidance where they extend within the zone of influence of existing 
or proposed trees/hedgerows.   
 
Where foundations straddle the coarse-grained Glacial Till horizons, they should either be 
reinforced or taken down to a uniform stratum across the entire building footprint.    
 
Western/south-western part of site 
This section provides recommendations relating to the western third of the site.  The conditions in 
this region are represented by trial pits TP1 and TP8, together with TP7 at the eastern extent.  
Here, the low-strength, weathered Glacial Till horizons extended to depths ranging from 1.05m in 
the north (TP8), to around 1.50-1.65m in the central area (TP1 and TP7).  They were found to be 
consistently underlain by firm, fine-grained Glacial Till soils of intermediate to high plasticity.   
 
The recommendations for this zone are similar to those for the central area, with spread 
foundations taken down through the low-strength soils to the underlying firm clays and applying a 
net loading of up to 100kN/m2.  This will necessitate foundation depths of up to 1.65m in the 
central part of the zone.  However, the site observations suggest that foundation depths may need 
to increase pro-rata towards the south-western corner, possibly to around 2.0m.  Foundation 
depths should also be increased in accordance with the NHBC guidance within the zone of 
influence of existing or proposed vegetation.  The actual depth of excavation may be terminated in 
the event that coarse-grained Glacial Till or weathered bedrock is intercepted.  In such instances, 
foundations should either be reinforced or taken down to a uniform stratum across the entire 
building footprint.  
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As with the central zone, the above recommendations may necessitate that a pad-and-ground-
beam solution be considered in preference to trenchfill.  The alternative approach of vibro-ground 
treatment is of limited practicality due to the requirement to extend excavations for ground beams 
in accordance with NHBC guidelines.  Consideration may be given to the use of reinforced raft 
foundations bearing upon the lower-strength soil horizons as an alternative.  However, in 
considering the cost benefits of this approach, consideration should be given to the requirement to 
excavate the building footprint to a depth in accordance with NHBC guidelines and raise to 
formation using suitable, imported, non-shrinkable materials.    
 
Consideration should be given to the potential for heave movement within the near-surface fine-
grained soils, and the potential for damage of new foundations.  Such situations have the potential 
to occur during future removal of trees or hedgerows, and should be considered at the foundation 
design stage.  In all parts of the site where dwellings extend within the zone of influence of 
existing trees or hedgerows, allowance should be made for the incorporation of proprietary void 
formers on both faces of the foundation trenches and/or substructure walls, to mitigate the risk of 
damage due to lateral heave movements. 
 
6.4.3 Ground Floor Slab Design Considerations 

We consider that ground floor slabs may be ground-bearing upon the fine-grained, weathered 
Glacial Till stratum, following removal of the surface Topsoil and softened superficial deposits.  
The existing ground should be compacted for a depth of at least 300mm below slab formation 
level.  The formations should be inspected for any soft spots which, if found, should be excavated 
and replaced with compacted, suitable, granular fill.  As an indication of performance, total 
settlements under a distributed floor slab loading of 10kN/m2 are expected to be less than 15mm. 
 
Within the zone of influence of existing vegetation which is to be removed (i.e. in proximity to 
the boundary hedgerows), a suspended floor slab with a suitably dimensioned underfloor void 
should be adopted in accordance with the NHBC guidance, to mitigate the risk of future heave 
damage.  NHBC stipulate that suspended slabs are also required in all situations where the depth 
determined in accordance with their guidance exceeds 1.50m.   
 
The above recommendations relating to floor slab design should be reviewed in the event that 
significant filling takes place in parts of the site.  Suspended slabs will be required in all areas 
which are to be raised by more than 600mm, in accordance with NHBC guidance.  The above 
conditions observe best practice regardless of the warranty provider and, in our experience, are 
generally adhered to by most building control departments  
 
 

6.5 Pavement Design Criteria 

In order to provide an estimate of in-situ soil stiffness criteria for use in pavement design, CBR 
correlation tests were conducted at 4 locations (DCP1-DCP4) in the vicinity of the proposed 
access roads and hardstanding areas.  The in-situ test records are presented in Appendix H, and 
indicate variable soil stiffness parameters.   
 
Test DCP1 was undertaken adjacent to trial pit TP4, and exhibited relatively high CBR values 
(typically greater than 20%) consistent with the onset of a coarse-grained stratum at around 0.30m 
depth.  The trial pit at this location indicated the onset of bedrock stratum beneath a fine-grained 
horizon at around 1.05m depth. 
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The remainder of the tests (DCP2-DCP4) were undertaken adjacent to trial pits in which a 
succession of soft-to-firm and firm clays had been identified (i.e. TP1, TP5 and TP6).  The tests at 
these locations indicate generally low CBR values of around 3-5% to depths of around 0.45-
0.60m below ground level, increasing slightly thereafter.  Elevated values were obtained locally as 
a result of the instrument striking coarse clasts (e.g. gravel and cobbles), and the results at these 
horizons were disregarded as they were considered non-representative of the dominant soil mass. 
 
Experience suggests that the lower-bound CBR values obtained within the near-surface strata are 
consistent with those which would be anticipated within fine-grained soils of intermediate to high 
plasticity.  In order to confirm this supposition, reference is made to Table C1 of TRRL 
Laboratory Report 1132 (see Ref. 14).  This provides reasonable estimates of equilibrium values 
of CBR which may be anticipated for various soil types and groundwater levels under a range of 
construction conditions.  Based on the presence of well drained conditions across the site (i.e. 
under-drained by the bedrock strata), and taking into account the laboratory classification data, it 
is anticipated that a CBR value of around 4% would be appropriate for use in the design of new 
pavements bearing upon the fine-grained soils.  It is therefore recommended that pavements upon 
the fine-grained soils are designed using a CBR value of 4%. 
 
Laboratory testing has indicated the plasticity indices of the soils which are anticipated to lie 
within the pavement formation to be between 19% and 26%.  The coarse-grained horizons which 
occur locally at or around likely formation level contain fine soil fractions up to 27% (e.g. TP9).  
Such soils are likely to be frost susceptible in part, and a minimum thickness of 450mm of should 
therefore be provided above the in-situ subgrade. 
 
The depth of pavement construction associated with a design CBR value of 4% would likely 
impinge upon the upper surface of the coarse-grained Glacial Till and/or weathered bedrock in the 
eastern part of the site.  There is merit, therefore, in stripping pavement formations in this region 
to the coarse-grained stratum, in which case a design CBR value of 20% is appropriate for use. 
 
It has been identified that the depth to the coarse-grained horizons and weathered bedrock strata 
increases with distance south-westwards across the site.  Hence, it is not practicable to strip 
formations in the central and western/south-western areas to the coarse-grained deposits.  In these 
regions, pavements should bear upon the fine grained soils and adopt the design CBR value of 
4%. 
  
Prior to constructing the pavements, all formations should be proof rolled and inspected by a 
suitably qualified and experienced engineer to ensure that the CBR value assumed in design is 
achieved.  Any soft/loose spots should be excavated and replaced with well compacted suitable 
fill material (e.g. DoT Class 1A, or similar approved) which should be compacted in thin 
horizontal layers in accordance with the DoT Specification for Highway Works (SHW). 
 
 

6.6 Sustainable Drainage Systems 

In accordance with current planning and EA policy, developers are obliged to utilise sustainable 
systems for the discharge of surface water drainage where conditions are suitable.  We are advised 
that the Client is considering the use of soakaways for the discharge of surface water drainage 
from the development.  In order to examine the feasibility of using soakaways at the site, in-situ 
tests were undertaken to determine the infiltration characteristics at 3 locations, namely TP1, TP2 
and TP3.  The locations were chosen by the Engineer as representing the likely areas in which the 
soakaways are to be installed.  Observations during the fieldworks identified that the strata 
sequence therein is generally representative of the range of conditions across the site. 
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The results of the in-situ infiltration tests are presented in Appendix G.  Infiltration rates were 
derived using the procedures set out in BRE Digest 365, and are summarised in the table below.  
 

Test 
location 

Test No. Infiltration rate 
(m/s) 

Average infiltration 
rate 
(m/s) 

Design infiltration rate  
(m/s) 

TP1 1 1.14 × 10-6 1.14 × 10-6  

TP2 
1 6.28 × 10-5 

8.63 × 10-5 
 

2 9.02 × 10-5  
 3 1.06 × 10-4   

TP3 1 1.40 × 10-6 1.40 × 10-6  
    2.96 × 10-5 

 
BRE Digest 365 states that where more than one trial pit is used for the soakaway testing, the 
mean value of the soil infiltration rate should be adopted for the final design. Hence the design 
infiltration rate of 2.96 × 10-5m/s as quoted above should be used in the design of soakaway 
installations.  Inspection of the results indicates that the most rapid rates of infiltration occur in 
trial pit TP2, which intercepted a coarse-grained Glacial Till horizon.  In order to maximise the 
effectiveness of the soakaway installations, it is therefore recommended that they are designed 
and positioned such that their infiltration zone coincides with the coarse-grained Glacial Till 
insofar as is practicable. 
 
In designing and constructing soakaways, consideration should be given to the guidance given in 
BRE Digest 365.  In particular, soakaways should be sited away from buildings by a dimension of 
at least 5m, or any alternative criteria adopted by the Local Authority.  The base of the 
installations should also be located above the highest seasonal water table.  Groundwater inflows 
were recorded at depths ranging from 3.2m to 3.7m, and did not rise appreciably during the 
fieldwork period.  However, consideration should be given to the potential for seasonal variation 
in groundwater levels, and their impact upon the soakaway design.  In order to identify the likely 
‘worst case’ groundwater levels and the limitations on the depth of soakaway construction, it is 
recommended that an excavation is carried out and an observation well is installed.  Groundwater 
levels within the observation well should be recorded during a range of climatic conditions, 
including a period of heavy and/or prolonged rainfall.  Information provided by the groundwater 
observations may then be used in the design of the soakaways to maintain compliance with BRE 
365 and EA policy. 
 
 

6.7 Temporary Works 

6.7.1 Ease of excavation 

On the basis of the observations made during the exploratory investigation, it is considered that 
excavations within the near-surface superficial strata should be within the capabilities of 
conventional mechanical excavators.  The trial pits were excavated using a lightweight (5-tonne) 
tracked excavator, which was able to extend to depths of up to 3.90m within superficial and 
weathered bedrock strata. 
 
However, it should be noted that excavations in the north-east corner of the site terminated upon 
impenetrable bedrock at depths ranging from 1.35m to 2.15m below existing ground level.  The 
bedrock was horizontally bedded in this part of the site, and excavation with a toothed bucket 
failed to penetrate the individual rock beds.  It is anticipated that similar depths of refusal would 
be experienced by medium capacity excavators (up to around 12-tonne) during the construction 
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works.  However, it is not envisaged that excavations below the rockhead horizon would be 
required in this part of the site. 
 
Observations during the intrusive excavation indicate that the upper surface of the bedrock 
stratum slopes downwards to the south-west, with a corresponding increase in thickness of the 
weathered zone.  Where weathered rock was encountered in the central and western/south-western 
areas, it was readily excavated with a toothed bucket. 
 
6.7.2 Stability of excavation sides 

Observations made during the investigatory works indicate that the sides of excavations across 
much of the site remain generally stable for short periods following excavation.  In view of these 
observations, the sides of trench excavations for foundations, services, etc. are also anticipated to 
remain generally stable in the short term.  However, allowance should be made for a minor degree 
of overbreak where excavations intercept coarse-grained strata or embedded gravel/cobble size 
fragments within the Glacial Till. 
 
6.7.3 Control of Groundwater 

The trial pits sunk across the site generally remained dry for short periods prior to backfilling.  
Slow groundwater inflows were recorded at 3 locations during or shortly after excavation, at 
depths ranging from 3.20m to 3.70m.  Where groundwater was intercepted in trial pit TP3 (at 
3.20m depth), it did not rise appreciably over a period of approximately 1 hour prior to 
commencement of the infiltration test. 
 
On the basis of observations made during the fieldworks, we anticipate that excavations to the 
proposed formation levels for foundations, services, etc. are likely to remain dry in the short term.  
Although not encountered during the fieldworks, localised seepages into excavations would be 
anticipated during inclement weather conditions, particularly where the coarse-grained Glacial 
Till horizons are intercepted.  However, pumping from suitably screened sumps should be 
sufficient to deal with such inflows.   
 
Attention is drawn to the fine-grained nature of the Glacial Till strata at the site, and their 
susceptibility to deteriorate in the presence of water and/or trafficking.  In order to protect the 
exposed formations from deterioration by the weather, the action of water and/or site traffic, they 
should be covered by a minimum 150mm thickness of suitable granular material or a thin layer of 
blinding concrete immediately after exposure.  Excavations for foundations, services, etc. should 
be programmed to coincide with dry weather conditions where practicable.  Allowance should be 
made for pumping from suitably screened sumps, in the event that inclement weather conditions 
impact upon the construction phase.  Consideration should also be given to providing temporary 
bunding around the up-gradient face of excavations, to alleviate problems of softening or flooding 
due to surface water ingress.  
 
The formal consent of the EA will be required for the discharge of any groundwater arising during 
construction.  It is therefore recommended that they are consulted in advance to secure the 
necessary discharge consent. 
 
The groundwater regime beneath the site may be subject to seasonal, climatic and other variations.  
The reported observations therefore may not be fully representative of the groundwater regime at 
the site and different groundwater conditions may be encountered during future investigation or 
development works.   
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PROPOSED RESIDENTIAL DEVELOPMENT  
LAND ADJACENT TO VILLAGE GREEN, TEMPLETON 

 

TABLE 1 – Conceptual Site Model  

Ground Investigation (Wales) Limited             October 2012 
0986-01.0.Table 1 CSM  

Geo-environmental Hazards/Sources of Contamination  Vulnerable Receptors  Possible Exposure Pathways  Likelihood of Unacceptable 
Pollution Linkage Description Appraisal 

Contaminated Soil  
and Groundwater 

• The site is located centrally in the village of Templeton, and comprises a parcel of 
agricultural pasture land.  It is surrounded to the north, south and east by residential 
land use and the existing village green, and to the west by an un-named stream with 
open agricultural land beyond. 

• The review of available information has identified that the area has remained 
undeveloped since the earliest available records, dated 1888.  There is evidence of 
minor quarrying having taken place along the eastern edge of the site during the late 
19th/early 20th Century.  Inspection in 2012 indicates that the area has not been 
infilled, but remains as a belt of scrub vegetation.  No potentially contaminative 
former of current land uses have been identified from the desk-based research. 

• The intrusive investigation has identified the site to be generally underlain directly 
by naturally occurring topsoil and Glacial Till strata.  Evidence of reprofiling of the 
field surface was identified in the south-east (TP3), albeit composed of reworked 
natural soils.  No visual/olfactory indicators of contamination have been identified 
during the investigatory works. 

• Laboratory testing of soil samples has indicated that the levels of the tested 
contaminants are generally below their respective GAC for a residential end use with 
the growth of edible plants, with the exception of a single marginal exceedence of 
the GAC for arsenic in a near-surface sample taken from TP3. 

• No evidence of asbestos has been identified within the subsurface soils.  No asbestos 
materials have been identified during a cursory inspection of the site surface and the 
surrounding land uses.   

• No evidence of invasive plant species has been identified. 

End users  • ingestion of soil U*2 
 • ingestion of contaminated vegetables  U*2 
 • ingestion of soil attached to vegetables  U*2 
 • dermal contact with soil U*2 
 • dermal contact with indoor dust U*2 
 • inhalation of fugitive outdoor soil dust U*2 
 • inhalation of fugitive indoor dust  U*2 
 • inhalation of vapours outdoors VU* 2 
 • inhalation of vapours indoors  VU* 2 
Construction and maintenance  • ingestion of soil  U*3 
workers • dermal contact with soil U*3 
 • inhalation of fugitive outdoor soil dust U*3 
 • inhalation of vapours outdoors VU* 3 
 • inhalation of vapours in confined spaces  VU* 3 
Groundwater aquifer • direct contamination of aquifer by past site use VU* 4 
 • leaching of soluble contaminants from Made 

Ground and infiltration  
VU* 4 

Groundwater abstraction  • contaminated groundwater flowing to abstraction  VU* 4,5 
Surface water course  
(Un-named stream >> Ford’s Lake) 

• migration of contaminated groundwater to surface 
water course  

VU* 4 

Surface water abstraction  • migration of contaminated groundwater to surface 
water abstraction   

VU* 4,5 

Building materials and services  • contact with contaminated soil or groundwater  VU 
Adjacent sites and site users • migration of contaminated groundwater or vapours 

beneath adjacent sites 
VU* 4 

Radon  
 

• The site is located in an area which requires full radon protection measures to be 
provided within new development.   

End users • inhalation of indoor air P 

Methane and other 
hazardous gases  
 
 
 
 
 
 
 

 

• No potential gas sources have been identified within the site.  A former stream 
channel has been identified to the south, which now appears to be culverted beneath 
the village green area.  Any organic-rich alluvial soils within the former stream 
channel may represent an off-site gas source.  However, such a source is unlikely to 
have significant impact upon the proposed development at the site, and would be 
effectively mitigated by the level of radon protection required at the site. 
 

End users • inhalation of indoor air 
• inhalation of outdoor air 

U 

Construction workers  • inhalation of indoor air 
• inhalation of outdoor air 
• accumulation of noxious/combustible gas in 

confined spaces  

U*3 

Pyritic /aggressive 
Ground  

• Laboratory testing has identified aggressive chemical conditions in the form of 
pyritic ground within the near-surface soil strata at the site. 

Buried concrete  • contact with soil or groundwater  P 

 
Notes:   
1. This Conceptual Site Model (CSM) has been developed following an intrusive investigation at the site, in order to identify the most sensitive pollution linkages.    
2. This CSM is based on a proposed residential development with the growth of edible plants within private garden areas, being the generic end use most applicable to the proposed development.  In areas of building and hard cover, the pollution linkages would 
be of lesser sensitivity. 
3. Risks posed to construction and maintenance workers will depend on their construction/maintenance methods, which are unknown at present.  Therefore, the above should be re-assessed once these are known.  
4. The Milford Haven Group bedrock stratum beneath the site is classified as a Secondary A aquifer, with no superficial classification on account of the lack of mapped superficial deposits.  The EA groundwater vulnerability map classifies the overlying soils 
as having high leaching potential on account of the shallow cover to bedrock.  However, the investigation has identified a variable thickness of fine-grained superficial soils over the bedrock stratum, providing some ability to attenuate the migration of 
pollutants and thereby resulting in a lesser degree of sensitivity  .  Observations of the topographical setting suggest that groundwater flow is likely to take place down-gradient to the south and south-west, i.e. towards the stream channels.   
5. No abstraction for potable water supply or Groundwater Source Protection Zones are located within 1km of the site.  

Key:  
H    =  high likelihood 
P    =  possible 
U   =  unlikely 
VU = very unlikely  
Nil  = pathway not present 
?     = likelihood uncertain  



TP1 TP2 TP3 TP6 TP8

0.20m 0.20m 0.15m 0.20m 0.25m

-  -  - 6.4 5.5 5.5 5.3 5.3

%  -  - 3.3 3.0 2.2 3.0 4.5

Arsenic mg/kg 24.65 � 21.6 10.7 33.0 10.6 15.7

Boron mg/kg 0.5 � 0.5 0.5 <0.5 <0.5 <0.5

Cadmium mg/kg 0.5 � <0.5 <0.5 0.6 <0.5 <0.5

Chromium mg/kg 40.11 � 37 34 31 36 45

Chromium (VI) mg/kg 2 � <2 <2 <2 <2 <2

Copper mg/kg 73.44 � 107 33 47 34 48

Lead mg/kg 45.26 � 39 27 51 24 42

Inorganic Mercury mg/kg 0.5 � <0.5 <0.5 <0.5 <0.5 <0.5

Nickel mg/kg 32.86 � 32 26 37 26 28

Selenium mg/kg 1.99 � 2.3 1.5 2.0 1.3 1.5

Zinc mg/kg 88.51 � 89 72 98 69 74

Cyanide mg/kg 1 � <1 <1 <1 <1 <1

Organics Phenols mg/kg 1 � <1 <1 <1 <1 <1

Naphthalene mg/kg 0.1 � <0.1 <0.1 <0.1 <0.1 <0.1

Acenaphthylene mg/kg 0.1 � <0.1 <0.1 <0.1 <0.1 <0.1

Acenaphthene mg/kg 0.1 � <0.1 <0.1 <0.1 <0.1 <0.1

Fluorene mg/kg 0.1 � <0.1 <0.1 <0.1 <0.1 <0.1

Phenanthrene mg/kg 0.1 � <0.1 <0.1 <0.1 <0.1 <0.1

Anthracene mg/kg 0.1 � <0.1 <0.1 <0.1 <0.1 <0.1

Fluoranthene mg/kg 0.1 � <0.1 <0.1 <0.1 <0.1 <0.1

Pyrene mg/kg 0.1 � <0.1 <0.1 <0.1 <0.1 <0.1

Benzo(a)anthracene mg/kg 0.1 � <0.1 <0.1 <0.1 <0.1 <0.1

Chrysene mg/kg 0.1 � <0.1 <0.1 <0.1 <0.1 <0.1

Benzo(b)fluoranthene mg/kg 0.1 � <0.1 <0.1 <0.1 <0.1 <0.1

Benzo(k)fluoranthene mg/kg 0.1 � <0.1 <0.1 <0.1 <0.1 <0.1

Benzo(a)pyrene mg/kg 0.1 � <0.1 <0.1 <0.1 <0.1 <0.1

Indeno(1,2,3-c,d)pyrene mg/kg 0.1 � <0.1 <0.1 <0.1 <0.1 <0.1

Dibenzo(ah)anthracene mg/kg 0.1 � <0.1 <0.1 <0.1 <0.1 <0.1

Benzo(g,h,i)perylene mg/kg 0.1 � <0.1 <0.1 <0.1 <0.1 <0.1

Notes

GAC

SGV

CIEH

GI

Value

Soil Guideline Value published by DEFRA/EA, marked with * recently withdrawn.

GAC derived by LQM/CIEH.

GAC derived in-house by GI.

Cells crossed out indicate statistical outlier (hotspot).

Metals and 
inorganics

Generic Assessment Criteria.

pH value

Soil Organic Matter (SOM)

PAHs

-

-

PROPOSED RESIDENTIAL DEVELOPMENT ON LAND ADJACENT TO VILLAGE GREEN,

Table 2 - Estimation of Chronic Human Health Risks for 

Standard Residential Land Use with Plant Uptake (2.5% Soil Organic Matter)

Contaminant Units US95 Pass Mean 
Value Test

TEMPLETON

GAC

2.5%

2330CIEH

450SGV*

170 SGV

130 SGV

350 SGV

32 SGV

291 CIEH

10 SGV

3000 CIEH

4.3 CIEH

3750 CIEH

53GI

390 CIEH

3.7 CIEH

400 CIEH

480 CIEH

380 CIEH

200 CIEH

4900 CIEH

460 CIEH

1000 CIEH

4.7 CIEH

39

46 CIEH

TP10

0.20m

5.5

3.2

14.1

8.0 CIEH

6.5 CIEH

9.6 CIEH

<0.5

26

1.0

59

<1

<0.5

<0.5

34

<2

24

<1

<0.1

<0.1

<0.1

<0.1

<0.1

<0.1

<0.1

<0.1

<0.1

<0.1

<0.1

<0.1

<0.1

<0.1

<0.1

<0.1

Full laboratory test certificates are presented in Appendix I.

0.94 CIEH

3.9 CIEH

0.86 CIEH

Cells shaded thus indicate samples in which GAC is exceeded.
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Ground Investigation 
 

 

Limitations and Exceptions 

 

 

 

1. The Client has requested that a combined 

geotechnical and geo-environmental site assessment 

be performed in order to identify land quality issues 

at the site and their potential impacts on the 

proposed development. 

 

2. The work was conducted and this report has been 

prepared for the sole internal use and reliance of the 

Client.  This report shall not be relied upon or 

transferred to any other parties without the express 

written authorisation of Ground Investigation 

(Wales) Limited.  If an unauthorised third party 

comes into possession of this report the authors 

owe them no duty of care and skill. 

 

3. The findings and opinions conveyed in this report 

are, in part, based on information obtained from 

third party sources as detailed within the text, and 

which Ground Investigation (Wales) Limited believes 

are reliable.  Nevertheless, Ground Investigation 

(Wales) Limited cannot, and does not, guarantee the 

authenticity or reliability of the information it has 

relied upon. 

 

4. This report presents the findings and opinions of 

experienced geotechnical consultants.  Ground 

Investigation (Wales) Limited does not provide legal 

advice and the advice of lawyers may also be 

required. 

 

5. The opinions presented in this report are based on 

the findings of a review and assessment of the 

information described in this report.  It is possible 

that the research and investigations carried out by 

Ground Investigation (Wales) Limited, while fully 

appropriate, has failed to indicate the existence of 

important information sources.  Assuming such 

sources actually exist, their information could not 

have been considered in the formulation of the 

opinions expressed in this report. 

 

6. The fieldworks were undertaken on the date(s) 

indicated within the text of this report.  The Client is 

advised that the conditions observed by Ground 

Investigation (Wales) Limited are subject to change 

and that not finding indicators of hazardous 

substances or conditions, does not mean that they 

do not exist at the site.  Certain indicators of the 

presence of hazardous substances or conditions may 

have been latent at the time of the fieldworks and 

may subsequently have become observable. 

 

7. The work carried out for the assessment can only 

investigate a small portion of the subsurface 

conditions.  Certain strata or conditions may have 

been outside the limited portion of the subsurface 

investigated, latent at the time of the work or only 

partially intercepted by the works, and thus their full 

significance could not be appreciated.  In this regard, 

groundwater levels are particularly susceptible to 

variation.  Accordingly, it is possible that the 

investigation failed to identify the presence or 

significance of strata or conditions.  Assuming such 

strata or conditions exist, their presence could not 

have been considered in the formulation of the 

report’s findings and opinions. 

 

8. Ground Investigation (Wales) Limited believes that 

providing information about the limitations is 

essential to help the Client identify and therefore 

manage its risks.  The risks can be mitigated, but not 

eliminated, through additional 

research/investigation.  Ground Investigation 

(Wales) Limited will, on request, advise the Client of 

additional research/investigation opportunities, 

their impact on risk and their cost. 
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often some years later than the surveyed date. Before 1938, all OS maps 
were based on the Cassini Projection, with independent surveys of a single 
county or group of counties, giving rise to significant inaccuracies in outlying 
areas. In the late 1940`s, a Provisional Edition was produced, which updated 
the 1:10,560 mapping from a number of sources. The maps appear 
unfinished - with all military camps and other strategic sites removed. These 
maps were initially overprinted with the National Grid. In 1970, the first 
1:10,000 maps were produced using the Transverse Mercator Projection. The
revision process continued until recently, with new editions appearing every 
10 years or so for urban areas.
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