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1 INTRODUCTION 
Landare Investments Ltd propose to develop an area of land at Trefechan (North of Merthyr 
Tydfil) for residential use.  

Arup were commissioned by Landare Investments Ltd to undertaken an initial desk top 
survey of the site in order to assess the current ground conditions, including the potential for 
sink holes and solution features associated with the underlying geology, and identify any 
further issues with regard to the proposed end use of the site.  

The geotechnical desk study was issued to Landare Investments Ltd in September 2007 
(and is enclosed as Appendix A). The report identified that strong bedrock was likely to exist 
at shallow depth across a large part of the site and there was some evidence to indicate a 
possibility of solutional features that may relate to voiding in the underlying limestone.   

The report recommended that a two stage investigation be undertaken at the Trefechan site 
to confirm the ground conditions. The first stage of the investigation would be a preliminary 
geophysical survey of the whole site in conjunction with trial pitting and Phase 2 would be a 
follow up investigation of any specific features identified in Phase 1, using geophysical 
techniques, should this be necessary.  

This addendum presents the results of the first phase (Phase 1) of the recommended further 
investigation at the site. From these findings it was concluded that the further Phase 2 
investigation was not required.  

This report therefore presents geotechnical recommendations for the proposed residential 
end use, based on the desk study and investigations carried out in Phase 1.  
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2 GEOPHYSICAL SURVEY 
The geophysical survey was undertaken between the 18th and 19th of September 2007 by 
Terradat and was observed by Arup. The Terradat Geophysical Report for the site is 
enclosed as Appendix B. 

2.1 Survey Objectives  

The objectives of the survey were to; 

1. Locate anomalous features that may be associated with Karstic processes, 
generally and specifically investigate features identified in the desk study and site 
walkover as possibly solutionally related. 

2. Provide information on the character of the shallow ground conditions. 

2.2 Survey Design 

The survey was undertaken using ground conductivity mapping (GEM-2) to map variations 
in the near surface material across the site. The conductivity data were acquired using a 
multi-frequency GEOPHEX GEM-2 instrument and data were acquired at a nominal 0.5m 
interval over all accessible areas of the site, at a line spacing of 5m.  The data obtained 
using the GEM 2 instrument was downloaded and configured, and presented in planar 
format overlying the site area.  

2.3 Survey Results 

The results of the ground conductivity survey are shown on Figure 1. The results of the 
survey, which are described in detail in Terradat’s report, can be summarised as follows (for 
each area of the site). 

2.3.1 North Eastern Field 
In the north east of the site, two fields displayed a generally anomalous character. The 
northern field indicated an increase in conductivity which may be attributed to a thickening of 
clay or overburden material, or an increase in moisture content of the shallow deposits.  

A point anomaly was apparent in the east of the northern field, which was interpreted by 
Terradat to be related to a discarded motorcycle.   

2.3.2 South Eastern Field 
The most south eastern field exhibited a broad scattering of anomalies, much of which was 
attributed by Terradat to small metal debris across the field’s surface. A subtle anomaly was 
identified close to the centre of the field, which was identified to potentially relate to 
geological processes, and hence may warrant further investigation.  

2.3.3 Central Field (area of farm and bungalow) 
No significant features were identified by Terradat in the central field of the site that could 
relate to Karstic features. 

2.3.4 North Western Field 
The boundary fence and demolition debris present on the field perimeter were identified by 
Terradat as the sources of the anomalies portrayed on Figure 1. No indication of possible 
features associated with Karstic processes was indicated from the survey. 

2.3.5 South Western Field 
Linear conductivity features were apparent along the road on the eastern boundary and the 
fence on the southern field boundary. These are related to anthropogenic features. 

A slight increase in conductivity was apparent in the north eastern area of the site, possibly 
indicative of a gradual change in lithology or subtle thickening of the overburden. 
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2.4 Survey Conclusions 

 The ground conductivity plot from the geophysical survey delineated a number of features 
that appear to relate to both geological and artificial processes.  

In terms of solution features, some isolated anomalies were indicated which may be related 
to Karstic processes. However, the form of the anomalies predominantly indicate 
widespread areas of conductivity changes rather than point locations, which is likely to be 
directly related to the geology underlying the site (in terms of superficial deposits) rather 
than solution features in particular. Where point anomalies were identified during the survey 
(indicated on Figure 1), attributable sources; such as metal debris, were observed and 
accounted for by Terradat. 

 It was apparent that the anomalies depicted by the geophysical survey did not coincide with 
the possible features identified during the original Arup geotechnical desk study; no 
previously identified feature was located in the areas where increases in conductivity were 
recorded during the geophysical survey; as shown on Figure 1, and summarised in Table 1 
below. 

Table 1  Correlation of Desk Study and Geophysical Survey Features 
I.D Notes Geophysical Results 

1 Large mound of artificially placed loose rocks partly vegetated 
with fern and bracken. Possible infill of depression.  

No anomalies recorded in locality 

2 Artificially placed loose angular rocks covered by bracken and 
fern shrubbery. Possible infill of shallow depression. 

No anomalies recorded in locality 

3 Deliberate mound of artificially placed loose rocks close to 
distinct break in slope (scarp dip) covered by bracken and fern 
shrubbery. Possible infill of shallow depression. 

No anomalies recorded in locality 

4 10m diameter circular pile of artificially placed angular cobbles 
and boulders of quartzite, indicating infilling of shallow 
depression.  

No anomalies recorded in locality 

5 Un-vegetated area amongst rough vegetation. Possible infill of 
depression  

No anomalies recorded in locality 

6 Possible identified sink hole (1967-2007) in approximate 
location of circular 4m diameter bonfire mark.  

General vicinity of variations in 
conductivity no point anomaly 
identified  

7 Evidence of formerly identified possible two sink holes (1989) No anomalies recorded in locality 

8 Slightly smaller mound of artificially placed loose rock with 
slight vegetative cover. 

No anomalies recorded in locality 

11 No evidence of formerly identified possible depression (1972) In location of metal debris on site, 
causing increase in conductivity 

E2 Line of stone wall from farm house falling towards south leading 
into a slight depression with a large pile of loose rocks.  

No anomalies recorded in locality 

 

As a result of the limited correlation between areas of high conductivity and features 
previously observed during the desk study, trial pits were excavated across the site in 
locations of both high conductivity and potential features identified from the desk study. The 
locations of excavations are summarised in Table 1 in Section 3. 
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3 TRIAL PITTING INVESTIGATION  
The trial pitting investigation was undertaken by Arup on the 4th October 2007, following 
receipt and interpretation of the geophysical survey results.  

3.1 Investigation Objectives 

The main objectives of the trial pitting exercise were to; 

1. Calibrate the geophysical works, 

2. Investigate both specific features revealed during the geophysical survey and the 
potential features observed during the original Arup geotechnical desk study, 

3. Investigate depth to bedrock 

4. Identify subsurface conditions and any potential contaminative issues 

3.2 Investigation Design 

Eleven trial pits in total were excavated during the investigation. Trial pits were located to 
investigate the results of both the geophysical survey and the initial features identified 
during the site walkover and historic data review (Arup geotechnical desk study report 
Appendix A). For accuracy, and where necessary, a GPS was used to position the trial 
holes with reference to the co-ordinates of potential features listed in the Desk Study Report 
and those taken from the geophysical survey plan.  

For reference, trial pits were labelled TH1-TH11 to correspond to the numbers given to 
potential features or landforms identified in the Arup geotechnical desk study report and G1-
G5 to correspond to features identified during the geophysical survey.  

A summary of the trial pits excavated is given in Table 2 below. Their locations are shown 
on Figure 2. 

Table 2  Trial Pit Details  
 

TH ID NGR Details/Reason for Excavation 

TH1 SO 03365, 09116 Large mound of artificially placed loose rocks partly vegetated with fern 
and bracken. Possible infill of depression.  

TH4 SO 03339, 08954 10m diameter circular pile of artificially placed angular cobbles and 
boulders of quartzite, indicating possible infilling of shallow depression. 
Depression follows line of scarp. 

TH6 SO 03398, 08998 Possible identified sink hole (1967-2007) in approximate location of 
circular 4m diameter bonfire mark. 

TH7 SO 03477, 09116 possible two sink holes from aerial photographs (1989)  

TH8 SO 03346, 09137 Slightly smaller mound of artificially placed loose rock with slight 
vegetative cover. 

TH11 SO 03456, 09148 formerly identified possible depression from aerial photographs (1972) 
and area of increased conductivity (although attributed to metal debris) 

G1 SO 03356, 09016 Localised area of increase in conductivity possibly associated with 
thickening of over-burden over solution feature. 

G2 SO 03382, 08966 Located in area identified to have a slight rise in conductivity; may be 
indicative of increase in clay overburden.  

G3 S0 03419, 09133 Located in broad area of increased conductivity values indicative of a 
broad thickening of clay rich overburden. 



Landare Investments Trefechan
Addendum to Geotechnical Desk Study

 
 

J:\123000\123628-00\4 INTERNAL PROJECT DATA\4-50 
REPORTS\0002ADDENDUM REPORT.DOC 
  

Page 5 Ove Arup & Partners Ltd
    24 October 2007

 

TH ID NGR Details/Reason for Excavation 

G4 SO 03442, 09094 Located in broad area of increased conductivity values indicative of a 
broad thickening of clay rich overburden. 

G5 SO 03490, 09080 Localised area of increase in conductivity possibly associated with 
thickening of over-burden over solution feature 

 

3.3 Ground Conditions Encountered 

The logs of the trial pits excavated are included in Appendix C, and some photographs of 
the excavations illustrating the material encountered are enclosed in Appendix D. 

3.3.1 Fill  
Loose piles of cobbles existing at surface level were observed during the site walkover and 
interpreted as possible fill on site. Three locations were excavated where rock piles existed. 
The only noticeable variation was observed in TH4, which was excavated within the large 
historic rock pile in the south west of the site. Loose quartzite cobbles were encountered up 
to 0.8m in thickness (expected due to stockpile size) beneath which a very dark layer of 
decaying vegetation and roots was observed. Beneath the vegetation a layer (0.7m in 
thickness) of grey soft sandy clay existed which on initial observation appeared almost ashy. 
Underlying the light clayey material, slightly clayey gravelly sand was encountered, 
consistent with the glacial deposits encountered elsewhere across the site, (and beneath 
the other two rock piles excavated). The glacial deposits are described below.  

3.3.2 Superficial Deposits 
Superficial deposits were encountered across the whole site at a greater thickness than 
anticipated from the desk study and site walkover. 

The superficial deposits encountered comprised glacial deposits consisting of mixtures of 
clayey silts, sands and gravels with cobbles of limestone and quartzite throughout and 
boulders increasing in frequency with depth. The material was generally granular, loose to 
medium dense in consistency and averaging 2.6m in thickness. In areas where the clay and 
silt content was slightly higher, the material was damp, and appeared soft to firm.  

Excavation of the pits generally became more difficult with depth as a result of the 
increasing boulder and cobble content, which on a number of occasions was the reason for 
trial pit termination. In northern and eastern areas of the site, large fossiliferous bearing 
limestone slabs were encountered, generally at about 2m below ground level, and hence a 
slight decrease in thickness of granular glacial deposits was observed to occur from the 
south west to the north east of the site.  

Apart from the obvious piles of quartzite cobbles and boulders at the surface in a number of 
trial pit locations, no evidence of any materials indicative of filling were encountered in the 
trial pits. One piece of wood was found in TPG5, which appeared to be from an old fence 
post and probably fell into the pit during excavation. The superficial deposits are therefore 
interpreted as natural glacial deposits.  

Bedrock is exposed at surface level immediately to the north west of the site on the scarp 
slope which runs along the boundary of the site (see Figure 3). The superficial deposits are 
therefore interpreted as deposited along the glacier margins. Their comparatively loose 
condition is typical of this depositional environment. 

With the exception of minor variations in silt, clay, gravel and sand content, the glacial 
deposits encountered across the site were relatively uniform; generally becoming more 
granular with an increasing cobble and boulder content with depth.  
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3.3.3 Bedrock 
Bedrock was not proved during the trial pitting investigation. However it is reasonable to 
assume that in instances where a high frequency of limestone slabs, boulders and cobbles 
were encountered the trial pits were relatively close to the top of bedrock strata.  

Ground conditions at the site have been summarised in Table 3 below; 

Table 3  Ground Conditions 
Strata Thickness (m)  Description 

Silty Topsoil/vegetation, loose rocks 0.1-0.8 Loose, occasionally clayey SILT with many 
rootlets. Often damp.  

Silt  and Decaying organic matter 0.1 Encountered beneath stockpiles of loose rock 
(TH8, TH1, and TH4) 

Sandy Clay 0.7 Encountered in TH4 only. Grey soft, damp sandy 
clay with quartzite fragments/pebbles 

Mixtures of clayey silts, sands, and 
gravels 

1.6-2.85m Granular mixtures of silts, sands, gravels, and 
clay, with frequent limestone and quartzite 
fragments, cobbles, and occasional boulders. 
Limestone slabs encountered generally from 2m 
below ground level in northern and eastern 
excavations. One piece of wood encountered 
(G5) 

Silty sands and gravel matrix 
between limestone boulders, slabs 
and cobbles  

0.2-0.7 (thickness 
unproved) 

Difficult to excavate granular matrix of silty sands 
and gravels between frequent boulders, slabs, 
and cobbles of occasional quartzite and primarily 
limestone.  

 
 

3.4 Investigation of Possible Solution Features  

3.4.1 Features Observed During Geotechnical Desk Study  
The trial pitting investigation encountered no evidence of possible solution features in the 
localities identified in the Geotechnical Desk Study (historic data review and walkover). All 
superficial deposits encountered in the excavations in these localities were observed to be 
of relatively the same nature as elsewhere on the site; comprising natural glacial deposits. 
No evidence of any sinks or depressions were apparent during excavation of the trial pits.  
There was no evidence to suggest that piles of cobbles and boulders had been used to infill 
depressions, and where the rock piles existing at surface level were investigated (TH1, TH4, 
TH8) they did not extend to significant depths, and were not indicative of being used as 
backfill for a depression. The loose rocks were instead underlain by a layer of decaying 
vegetative matter, indicating that they had been placed directly upon the grassy surface of 
the site. 

3.4.2 Geophysical Features (G1, G2, G3, G4, & G5) 
Trial pits were excavated where the results of the geophysical survey indicated localised 
increases in conductivity potentially related to thickness of overburden, and hence possible 
solution features.  

Trial pits excavated in these localities did not encounter any evidence of deliberately placed 
fill; rather the superficial deposits were consistent with those generally encountered across 
the site. If the depths at which frequent boulders and limestone slabs were encountered in 
all trial pits are compared (interpreted as being close to bedrock), little difference is seen 
between thicknesses of superficial deposits in trial holes excavated in conjunction with the 
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geophysical survey results (where thickening of overburden was identified during the 
geophysical survey) and other areas of the site.  

3.5 Contamination  

3.5.1 Sampling and Analysis 
Soil sampling and subsequent laboratory analysis was undertaken during the trial pitting 
investigation in order to ascertain the contaminative nature of the site, and identify any 
resulting issues with regard to its proposed residential end use. 

Historically the Trefechan site has remained relatively undeveloped and consequently the 
risk of subsurface contamination is considered low. For this reason only four soil samples 
(thought to be representative of subsurface conditions across the site) were sent for 
laboratory chemical analysis. The samples were obtained from trial pits G3, G5, TH1 and 
TH6 as to provide good spatial coverage of soils across the site area.  

Samples were analysed for a number of chemical determinands including heavy metals, 
sulphate, pH, total petroleum hydrocarbons (TPH) and polycyclic aromatic hydrocarbons 
(PAH). The results of the chemical analysis undertaken on the soil samples are enclosed as 
Appendix E, and the results are summarised below. 

3.5.2 Analysis Results 
The soil analysis results have been compared to CLEA residential and CLEA residential 
with plant uptake guideline values. In the absence of CLEA values, LQM Generic 
Assessment Criteria guidelines for residential and residential with plant uptake land use 
scenarios were used for comparison. 

Inorganics 

All concentrations of inorganic contaminants were recorded well within both CLEA 
residential guidelines and the Land Quality Management Generic Assessment Criteria 
guideline values.  

Concentrations of cyanide, for which no guideline values exists, were recorded at levels less 
than the laboratory test detection limit of 0.6mg/kg, and therefore cyanide is not regarded a 
cause for concern with regard to future site development.  

Organics 

Concentrations of polycyclic aromatic hydrocarbons (PAH) were recorded as predominantly 
less than the laboratory test detection limit of 0.1mg/kg and are therefore not considered 
significant or a cause for concern.  

Total petroleum hydrocarbons (TPH) were recorded at relatively low concentrations within 
the soil samples; ranging from 11.5mg/kg to 33mg/kg.  Such concentrations are not 
considered elevated nor thought to present any significant risk to developers, or future end 
users of the site.  

3.6 Trial Pitting Conclusions 

Glacial deposits were encountered across the whole site area, at thicknesses up to 4m. 
Deposits were granular in nature, loose to medium dense, with varying silt, clay, sand and 
gravel content, becoming more cohesive and soft to firm in places.  A slight decrease in 
thickness of the granular deposits was observed to occur from the south west to the north 
east of the site. No groundwater was encountered in any excavation. 

Intact bedrock was not proved in any excavation; although where a high frequency of 
boulders and limestone slabs was encountered (making excavation difficult) it is likely that 
the pits were close to rock head. 

No evidence of any solution features was encountered during the trial pitting investigation. 
The superficial deposits encountered across the site were generally of the same nature; no 



Landare Investments Trefechan
Addendum to Geotechnical Desk Study

 
 

J:\123000\123628-00\4 INTERNAL PROJECT DATA\4-50 
REPORTS\0002ADDENDUM REPORT.DOC 
  

Page 8 Ove Arup & Partners Ltd
    24 October 2007

 

indication of any made ground or backfill was observed to exist at point locations. In 
addition, depressions were not evident from any significant changes in thickness of 
overburdening glacial deposits or from the appearance of the hard rocks encountered at 
depth within the pits. 

The geophysical survey also detected no anomalies which would be attributable to voided 
ground associated with the features identified in the geotechnical desk study and walkover 
survey. 

Chemical analysis undertaken on soil samples obtained from the site indicated there to be 
little risk of subsurface contamination which would affect any future development on the site.  

3.7 Ground Survey Results 

 A survey of the site was undertaken in September 2007 to determine current ground levels 
across the site. The survey plan is enclosed as Figure 4.  

From the survey, it can be seen that ground levels generally slope from the north west of the 
site towards the south east and south west.  

The north western site boundary lies at 318mAOD while the southern site boundary 
generally lies at 288mAOD. From the survey results it can be seen that the central north 
western and western regions of the site are the steepest areas of the site, indicative of the 
underlying geology and in particular the scarp slope of the adjacent quartzite of the Millstone 
Grit outcrop. 
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4 GEOTECHNICAL RECOMMENDATIONS 
4.1 Summary of Ground Conditions 

The intrusive investigation undertaken at the Trefechan site encountered glacial deposits 
across the whole site area, at thicknesses up to 4m. Deposits were granular in nature, loose 
to medium dense, with varying silt, clay, sand and gravel content.  

The glacial deposits encountered during the investigation have indicated bedrock to exist at 
a greater depth than originally anticipated. However, the scarp slope of the Millstone Grit 
exists immediately west of the site close to the site boundary, and therefore along western 
site margins, bedrock may remain at shallow depth.    

No groundwater was encountered in any excavation, and no evidence of fill was observed 
on the site, other than the piles of quartzite cobbles existing at surface level in the south 
west and northern site areas. Such rock piles did not extend to any depth beneath the 
surface of the site, and were therefore not indicative of backfill used to infill depressions. 

No evidence of any solution features was encountered during both the trial pitting 
investigation and the geophysical survey.  

4.2 Proposed Development 

It is anticipated that the site will be developed for residential use.  However at present no 
layout for any proposed development or proposed site levels for house platforms, roads or 
the inverts of drains and manholes have been received by Arup.  When such development 
plans and specific details are received, the following recommendations will need to be 
reviewed and possibly amended in light of the detailed proposals. 

4.3 Site Preparation and Earthworks 

Prior to construction of the development, vegetation, topsoil and isolated areas of fill 
(principally the piles of cobbles and boulders identified) will need to be stripped.  The topsoil 
is suitable for reuse in domestic gardens and landscaping, and may be reserved for final 
reinstatement of the site.  Any surplus should be removed and disposed of in accordance 
with current legislation, or alternatively recycled for use on other sites. 

Other than the above, little additional site preparation is considered necessary, except for 
keeping a watching brief for unexpected materials or ground contamination not revealed by 
the investigation, see Section 4.6. 

It is anticipated that earthworks will be kept to the minimum necessary to prepare level 
platforms for development of individual house units and that generally, the finished site 
levels will follow existing levels.  On this assumption, excavations will be within the glacial 
deposits and should be easily carried out using conventional mechanical excavators.  
However, it should be realised that excavations for foundations and service runs may locally 
encounter difficult conditions in boulders or weathered rock. The areas most at risk are the 
uphill sides of excavated platforms for houses and the extreme west/north perimeter of the 
site. 

No earthworks control tests have been carried out on the in-situ glacial deposits.  In their 
existing condition it is considered that they are likely to be wet of optimum and not 
acceptable for re-use as engineered fill beneath structures.  However, with some drying out, 
they would become acceptable.  See also discussion of foundation options below. 

4.4 Service Runs 

As mentioned above, service runs for the proposed development may locally encounter 
difficult excavation conditions due to boulders and weathered rock.  
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During the site investigation, boulders/weathered rock were encountered across the whole 
site area at relatively consistent depths. No particular area of the site was identified to 
indicate a higher or lesser frequency of boulders/weathered bedrock and therefore the 
deposits are not considered as localised or area sensitive.  

Occasional boulders were encountered during excavations at an average depth of 1m below 
ground level, with the frequency of boulder occurrence increasing below this depth. A higher 
density of boulders was encountered in excavations typically at around 2m (below ground 
level), while trial pits became increasingly difficult to dig due to boulder and rock content at 
around 2.5m below ground level.  

It is likely that some boulders will be encountered within service runs and earthworks on site 
at approximately 1m below ground level, with excavations becoming progressively more 
difficult beyond this depth; particularly so at around 2m. Such assumptions are however 
solely based on the results of the trial pits excavated at the site, and there may be some 
variations across the site.  

4.5 Foundations and Floor Slabs 

Two foundation options are considered feasible for conventional two storey housing on the 
site, lightly reinforced strips or lightweight flexible rafts. 

Conventional strip foundations taken a minimum of 0.5m into the undisturbed glacial soils 
and penetrating at least 1.0m below finished ground level is a viable option.  A bearing 
pressure of 100 kN/m² is recommended to proportion the foundations.  Because of the loose 
nature of the ground and the residual, albeit low potential for disturbance due to solution 
features, it is recommended that the strips are lightly reinforced to be capable of spanning 
up to 2m.  If this option is preferred, suspended floor slabs are recommended. 

Alternatively, reinforced, flexible raft foundations could be used for the proposed 
development, founded on cut-fill platforms with the fill depth not exceeding 1m.  The rafts 
should incorporate downstand edge beams penetrating a minimum of 0.6m below finished 
ground level, using a maximum bearing pressure of 50 kN/m².  If this option is preferred, it 
will be necessary to create level cut-fill platforms on which the rafts would be founded.  If the 
in-situ glacial soils are to be reused as fill it would be necessary to carry out earthworks 
control testing to determine optimum moisture content and also to monitor the moisture 
content of the fill throughout construction, as defined in an appropriate specification for 
engineered fill.  It is also probable that some conditioning of the glacial soils would be 
needed to reduce their moisture content to an acceptable level.  An alternative would be to 
use imported granular fill to create the platform. 

4.6 Description of Roads and Hardstanding 

It is anticipated that formations for roads and hardstandings will be within the glacial soils.  A 
California Bearing Ratio of 3% is recommended for the design of roads and hardstandings 
in this material.  The formation should be proof rolled and any particularly soft or loose areas 
excavated to an additional depth of 200mm and replaced with well compacted granular 
material. 

4.7 Ground Contamination 

Chemical analysis undertaken on soil samples obtained during the trial pitting investigation 
indicated no contaminants of concern to exist within the subsurface of the site. On the basis 
of the chemical analysis results, and given the site has remained historically relatively 
undeveloped, it is unlikely that future site development will encounter any contamination 
within the subsurface, and risks to end users of the site from any potential contamination is 
considered to be low. Nevertheless, a careful watch should be maintained, and should any 
visual or olfactory evidence of contamination be encountered during earthworks on site, the 
potentially contaminated material should be stockpiled on an impermeable membrane and 
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covered to protect it from rain.  It should then be tested and dealt with accordingly. Despite 
there being little risk of contamination within the subsurface, it is recommended that 
appropriate PPE (as in all site developments) is worn by all construction workers involved in 
future site works and that good hygiene practice is adopted.  

4.8 Ground Gases 

Landfill gases are not anticipated to exist within the subsurface of the site, and therefore are 
not expected to present a risk to future site development.  

However, due to the nature of the strata underlying the site, a Radon Protective Measures 
Site Report was previously obtained (from the British Geological Survey) and is enclosed as 
Appendix F. The report indicates that full radon protection measures are required in the 
construction of new dwellings on site. For further information on the protective measures 
required, a detailed or follow up radon protective measures site report may be requested 
from the BGS.  
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Figure 1  Geophysical Survey Results 

Figure 2  Trial Pit Location Plan 

Figure 3  Geology Plan 

Figure 4  Survey Plan with T.P Locations 
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1 INTRODUCTION 

This report describes a geophysical survey carried out on an area of land near Trefechan, 

Merthyr Tydfil between the 18th and 19th of September 2007. The survey area consisted of an 

area of land to the west of the village. The survey work was commissioned by Arup and was 

primarily designed to map anomalous features that may be related to karstic processes.  

 

1.1 Site description  

The survey area consisted of a rough hillside. Much of the site was heavily vegetated and in 

some parts the density of the vegetation prevented the survey from being carried out 

completly. Across the site are piles of loose rock thought to represent backfilled solution 

features. In the south eastern-most part of the survey area was found a lot of near-surface 

metallic debris such as burned mattresses and corrugated steel. As much of this was removed 

as possible prior to the survey but some remained undetected at the commencement of the 

survey. 

 

Survey objectives; 

The primary objectives of the survey are as follows: 

• Locate anomalous features that may be associated with Karstic processes. 

• Provide information on the character of the shallow geological sequence.   

 

1.2 Survey design 

Given the scope of the survey brief, it was decided to utilise ground conductivity mapping 

(GEM-2) to map variations in the near surface material across the site. Background 

information for this survey method is provided in the appendix. 
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2 SURVEY DESCRIPTION

2.1 Ground conductivity survey (

A ground conductivity survey involves transmitting an electromagnetic field into the subsurface 

and picking up returning signal via a receiver in the same instrument. Data are acquired on a 

grid covering the area of interest and a contoured plan of the variation in

across the site is produced. The presence of conductive materials in the subsurface such as 

clay, water, mudstone, ash, leachate, metal etc. will be evident as regions of high values on 

the ground conductivity plan while materials such

many bedrock types will appear as regions of low values.  

provided below and some background information on the survey method is found in the 

appendix. 

2.1.1 Ground conductivity survey field activity

The conductivity data were acquired using a multi

instrument and data were acquired at 

survey area at a nominal line spacing of approximately 5m. 

between each survey grid base lines were taken and the data processed to compensate for 

any instrumental shifts. The data were 

accuracy of +/- .5m (plate 1).  

 

 

Plate 1 – Ground conductivity (
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ESCRIPTION 

round conductivity survey (GEM-2) 

involves transmitting an electromagnetic field into the subsurface 

and picking up returning signal via a receiver in the same instrument. Data are acquired on a 

grid covering the area of interest and a contoured plan of the variation in ground conductivity 

across the site is produced. The presence of conductive materials in the subsurface such as 

clay, water, mudstone, ash, leachate, metal etc. will be evident as regions of high values on 

the ground conductivity plan while materials such as coarse grained sediments, dry zones and 

many bedrock types will appear as regions of low values.  A description of the field activity is 

provided below and some background information on the survey method is found in the 

urvey field activity 

he conductivity data were acquired using a multi-frequency GEOPHEX GEM

instrument and data were acquired at a nominal 0.5m interval over all accessible

survey area at a nominal line spacing of approximately 5m. In order to normalise the data 

base lines were taken and the data processed to compensate for 

The data were acquired under dGPS control with a horizontal 

Ground conductivity (GEM-2) survey by foot (library photo)

Geophysical Survey Report - 2172 

October 2007 

involves transmitting an electromagnetic field into the subsurface 

and picking up returning signal via a receiver in the same instrument. Data are acquired on a 

ground conductivity 

across the site is produced. The presence of conductive materials in the subsurface such as 

clay, water, mudstone, ash, leachate, metal etc. will be evident as regions of high values on 

as coarse grained sediments, dry zones and 

A description of the field activity is 

provided below and some background information on the survey method is found in the 

GEOPHEX GEM-2 (Plate 2) 

accessible areas of the 

In order to normalise the data 

base lines were taken and the data processed to compensate for 

under dGPS control with a horizontal 

 

(library photo) 
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2.1.2 Ground conductivity (GEM-2) survey data processing 

The data were downloaded from the instrument using WinGem software, and then exported 

as xyz files that can be read into Excel, each data file was then processed to compensate for 

any instrumental drift. The final data set was then read in to Oasis Montaj where it was 

gridded and displayed before having a site survey plan overlain. 

3 RESULTS and DISCUSSION 

The results of the GEM-2 survey are presented as a colour contoured ground conductivity plot 

In Figure 1.  

3.1 Ground conductivity (GEM-2) 

Following a review of the electromagnetic data, it was decided only to consider the response 

from the highest frequency channel (47 MHz). A localised increase in conductivity values 

usually indicates a relative increase in the clay content or groundwater saturation. Extreme 

fluctuations in the conductivity values are indicative of instrument ‘overload’ due to 

interference from nearby metal structures/debris. The interpretation of the conductivity data is 

generally based on both published electrical properties of typical sub-surface materials (Table 

1) and when available, correlation with on-site information. 

 

 

Table 1-simplified relationship between conductivity and geological setting 

 

 

Conductivity 

(mS/m) 

Typical geological setting 

 

Low 

 

Dry, granular, clay-deficient material: Air-filled voids: bedrock 

 

 

Intermediate 

 

 

Mixed sediments; Weathered bedrock;  

 

 

High 

 

 

Clay-rich, water saturated sediments; metallic features 
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The most striking anomalies that can be seen on the conductivity plot is the “halo” effect of the 

response of the meter to the metal fences around the edges of the fields which has shown up 

as a pink fringe.  

 

In the south western-most field there is a gentle rising gradient across the site to the 

northeast. This may be indicative of a gradual change in lithology or subtle thickening of the 

overburden. To the east of the field can be seen a distinct linear conductive feature that is 

coincident with the road and may represent services related to the road serving the buildings 

in the centre of the site. 

 

In the north western-most field there is, again, an effect from a northern boundary fence. The 

majority of the field seems clear of anomalies except in the southernmost corner where 

demolition debris is present causing a rise in conductivity values.  

 

In the central field there is also a lack of any significant features that can be attributed to 

karstic processes. The high values are the effect of the buildings. 

 

In the north east of the site there are two fields that display a significantly more anomalous 

character. The northern most has a broad increase in conductivity that may be attributed to a 

thickening of relatively clay rich material, or an increase in moisture. In the east of the 

northern-most field there is a point anomaly related to an item of metal debris, in this case an 

old motorcycle. 

 

Finally, the eastern-most field has a broad scattering of anomaly, much of the high amplitude 

anomalies may be related to some of the metal debris present in the field thought there is a 

more subtle anomaly near the centre that may be related to a geological process and would 

benefit from further investigation. 

 

Significantly, none of the geophysical anomalies are coincident with any of the previously 

observed features. The lack of conductivity anomalies associated with these features may be 

attributed to the dense backfilling of any void with the same material as the bedrock producing 

a low conductivity anomaly with similar values to the bedrock, however, it would be expected 

that any voids not infilled by human activity but by geological processes would appear as 

conductive anomalies. 
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4 CONCLUSIONS 

• The conductivity mapping technique was chosen because it provides the most cost 

effective and rapid means of characterising large areas of land. This survey technique has 

proven to be very successful at other nearby sites of similar geology.  

 

• The resulting ground conductivity plots have delineated a number of features that appear 

to relate to both geological and artificial processes.  

 

• In terms of identifying solution features, there are some isolated anomalies that may be 

related to solution features. 

 

• However, this survey approach does not guarantee the absence of solution features 

beneath the site due to inherent limitations such as insufficient contrasts between the 

target and surrounding geology and targets being beyond the exploration depth range of 

the instrument. 

 

• For each identified geophysical feature that may be of concern, it is recommended that an 

intrusive investigation be carried out in order to provide geological ground-truthing. When 

intrusive information becomes available the geophysical survey results can be calibrated 

to ensure accuracy of interpretation. 

 

 

 

 

 

 

Disclaimer 

This report represents an opinionated interpretation of the geophysical data. It is intended for guidance 

with follow-up invasive investigation. Features that do not produce measurable geophysical anomalies 

or are hidden by other features may remain undetected. Geophysical surveys compliment 

invasive/destructive methods and provide a tool for investigating the subsurface; they do not produce 

data that can be taken to represent all of the ground conditions found within the surveyed area. Areas 

that have not been surveyed due to obstructed access or any other reason are excluded from the 

interpretation.   



Trefechan

TERRADAT (UK) LTD

Figure 1 September 2007

Ground Conductivity Survey

Scale 1:1500q- Previously observed features

Slight rise in conductivity values
may be indicative of an increase
in thickness of relatively clay-rich overburden

Localised increase in conductivity may be associated with
thickening of overburden over a solution feature

Broad area of increased conductivity values
indicative of a broad thickening of clay-rich overburden

Effect of metallic debris/fences

Linear conductive feature may be
related to services associated with road

Effect of fences
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Constraints
Power lines, buildings, metal structures (fences, rebar, vehicles, debris etc.) and buried services can interfere
with the electro-magnetic measurements.

Appendix - Ground conductivity (EM) survey

Scintrex CG-3M
gravitymeter

EDM survey
instrument

General principle of EM surveyingTowed EM-38 with dGPS

Mounted EM-31 with dGPS

EM-31

GPS antenna

line marking system

transmitter receiver
primary EM field

modified
primary field

secondary
field

conductor

surface

eddy currents

shallow
limestone
bedrock

clay-rich
sediments

Ground conductivity data plot

linear feature

A nvolves the generation of an EM field at the surface and
subsequent measuring of the response as it propagates through the subsurface. The main components of the

a transmitter coil (to generate the primary EM field) and receiver coil (to measure the induced
secondary EM field). The amplitude and phase-shift of the secondary field are recorded and are then
converted into values for

ground conductivity or electromagnetic (EM) survey i

instrument are

ground conductivity and in-phase component (metal indicator).

The ground conductivity (EM) instruments are either hand carried or mounted/towed behind a quad bike.
Readings are usually taken on a regular grid or along selected traverse lines and positional control can be
provided by dGPS if there is sufficient satellite coverage.

The selection of the particular EM instrument (EM-38/EM-31/GEM-2) is primarily based on the required
penetration depth of the survey. However for most conductivity surveys the GEM-2 has replaced the more
conventional EM-31 instrument due to its ability to simultaneously acquire data at different frequencies (i.e.
different depth levels) and a greater depth of penetration.

The results from the EM survey can be presented as colour contoured plots of conductivity and inphase (metal
response) data. In general terms, a relative increase in conductivity values usually indicates a local increase in
clay content or water saturation. However, if there is a corresponding increase in the inphase response, the
influence of some artificial source is likely (i.e. metal).

At the end of each survey, the survey data is
downloaded to a field computer and corrected for instrument, diurnal and positional shifts. Additional editing
may be carried out to remove any 'noisy' data values/positions.

EM-38
Single frequency

Exploration depth ~1.5m

EM-31
Single frequency

Exploration depth ~3 to 5m

GEM-2
Multi-frequency

Exploration depth up to 10m

GPS antenna

EM-38 mounted
within trailer
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Trial Hole 8; SO 03346, 09137 

Notes 
1. No groundwater encountered. Soil  damp between 0.25-0.45m 
2. Slight spalling of trial pit sides during excavation; otherwise pit stable 
3. Very difficult to excavate through large slabs and boulders 2.8m  

 
 
 
Trial Hole 1; SO 03365, 09118 
 

Depth 
(m below ground level) 

Strata 

0-0.15 Loose brown clayey silts with many rootlets (Topsoil) 
 

0.15-0.95 Soft to firm brown/orange slightly gravelly sandy SILT with 
many cobbles of limestone (Glacial Deposits) 
 

0.95-2.2 Loose to medium dense brown slightly clayey slightly silty 
gravelly fine-medium SAND with many limestone cobbles 
and occasional boulders (Glacial Deposits) 
 

2.2-3.0 Brown slightly silty clayey gravelly SAND with many 
cobbles and occasional boulders of limestone (Glacial 
Deposits) 
 

3.0-3.3 Loose to medium dense Brown slightly silty clayey gravelly 
SAND with many cobbles and boulders (Glacial Deposits) 
 

3.3-3.5 Limestone cobbles, boulders and slabs with brown clayey 
gravelly SAND. (Possible disturbed Rock head) 

 
Notes 

1. No groundwater encountered. Sand damp from 0.95-2.2 
2. Trial Pit stable  
3. Very difficult to excavate through large slabs and boulders 3.5m  

 

Depth                     
(m below ground level) 

Strata 

0-0.25 Loose quartzite and limestone rocks, decaying vegetation, 
rootlets, and dark brown/black silty soil 
 

0.25-0.45 Soft to firm brown/red slightly clayey sandy SILT with some 
roots ( Topsoil and Glacial Deposits) 
 

0.45-1.7 Loose to medium dense light brown slightly clayey silty fine 
SAND with many pebbles and limestone/quartzite fragments 
and occasional cobbles. (Glacial Deposits) 
 

1.7-2.35 Loose to medium dense brown slightly clayey slightly 
gravelly SAND with many cobbles and occasional boulders 
of limestone and quartzite 
(Glacial Deposits) 

2.35-2.8 Limestone boulders and slabs with brown slightly clayey 
sands and fine gravel. (Possible disturbed rock head) 



Trial Hole 6;   SO 03398, 08998 
 

Depth 
(m below ground level) 

Strata 

0-0.1 Dark brown/black burnt topsoil (fire mark) with pine needles, 
some rootlets, and charcoaled wood. 
 

0.1-0.35 Brown slightly sandy clayey SILT (Topsoil and Glacial 
Deposits) 
 

0.35-0.5 Soft to firm orange/brown sandy slightly gravelly SILT 
(Glacial Deposits)  
 

0.5-1.0 Brown sandy clayey SILT (Glacial Deposits) 
 

1.0-1.8 Soft to firm brown silty sandy CLAY with some cobbles and 
occasional boulders of limestone and quartzite (Glacial 
Deposits) 
 

1.8-2.3 Loose brown, slightly clayey silty SAND with fine gravel and 
many boulders at base of excavation. (Glacial Deposits) 
 

2.3-2.6 Boulders and cobbles of limestone, quartzite and occasional 
conglomerate with brown slightly clayey silty sand and fine 
gravel.  Boulders up to 1m in diameter. (Possible Disturbed 
Rock head)  

Notes 
1. No groundwater encountered. Pit damp from 0.1 to 1.8m  
2. Spalling of trial pit sides from 1.8m. Trial pit collapsing at 2.6m  

 
Trial Hole 11;   SO 03456, 09148 
 

Depth 
(m below ground level) 

Strata 

0-0.25 Loose brown clayey silt with many rootlets (Topsoil) 
 

0.25-0.65 Soft to firm brown clayey SILT with some pebbles of 
limestone, and occasional rootlets. (Glacial Deposits) 
 

0.65-1.0 Soft to firm brown sandy CLAY with some cobbles and 
occasional boulders of limestone. (Glacial Deposits) 
 

1.0-1.7  Loose to medium dense brown/orange, slightly silty clayey 
fine SAND (Glacial Deposits) 
 

1.7-2 Brown slightly clayey SAND with fine gravel and many 
cobbles, boulders and slabs of limestone. (Glacial Deposits) 
 

2.0-2.1 Limestone boulders and slabs with brown sands and fine 
gravel (Possible disturbed rock head)  

 
Notes 

1. No groundwater encountered 
2. Minor spalling of trial pit sides during excavation, otherwise trial pit stable 
3. Very difficult to excavate through large slabs and boulders from 2m. 



Trial Hole 7;   SO 03476, 09116 
 

Depth 
(m below ground level) 

Strata 

0-0.4 Brown slightly clayey SILT with many rootlets and 
occasional cobbles (Topsoil) 
 

0.4-1.0 Soft to firm light brown slightly sandy clayey SILT with 
many cobbles of limestone (Glacial Deposits)  
 

1.0-2.5 Loose to medium dense, brown slightly silty clayey SAND 
with occasional fine gravel and many cobbles and occasional 
boulders of limestone. (Glacial Deposits)  
 

2.5-2.7  Limestone boulders/slabs with brown sands and fine gravel 
(Possible disturbed Rock head)  

 
Notes 

1. No groundwater encountered. Soils damp throughout 
2. Minor spalling of pit sides during excavation, otherwise stable 
3. Very difficult to excavate through large slabs and boulders from 2.5m 
 

 
 
Trial Hole 4;   SO 03339, 08954 
 

Depth 
(m below ground level) 

Strata 

0-0.8 Loose, deliberately placed quartzite cobbles and boulders  
 

0.8-0.9 Very dark black SILT with rootlets and decaying vegetation 
matter.  
 

0.9-1.6 Soft to firm grey sandy CLAY with small quartzite cobbles  
 

1.6-3.8 Loose to medium dense red/brown slightly clayey slightly 
gravelly medium-coarse SAND with some cobbles and 
occasional boulders of quartzite and limestone. 
 

3.8-4.1 Brown slightly clayey slightly gravelly SAND, with many 
boulders and cobbles. 

 
Notes 

1. No groundwater encountered. Soils damp at 0.9m  
2. Trial pit stable 
3. Difficult to excavate through boulders from 4m 

 
 
 
 
 
 
 
 
 



Trial Hole G1;   SO 03356, 09016 
 

Depth 
(m below ground level) 

Strata 

0-0.6 Dark brown/black slightly clayey SILT with many cobbles, 
occasional boulders, rootlets and organic matter. (Topsoil and 
glacial deposits)  
 

0.6-1.2 Soft to firm brown/red fine slightly clayey SILT with many 
cobbles and some boulders of limestone and quartzite. 
(Glacial Deposits) 
 

1.2-3.1 Loose to medium dense brown slightly clayey silty SAND 
with many clasts, pebbles, cobbles and occasional boulders of 
quartzite and limestone (Glacial Deposits) 

 
Notes 

1. No groundwater encountered, soils damp to 0.6m  
2. Trial pit sides stable  

 
 
Trial Hole G2;   SO 03382, 08962 
 

Depth 
(m below ground level) 

Strata 

0-0.3 Loose to medium brown slightly clayey silt with rootlets  
(Topsoil) 
 

0.3-0.6 Soft to firm orange/brown sandy clayey SILT (Glacial 
Deposits) 
 

0.6-1.9 Loose to medium dense light brown slightly silty gravelly 
SAND. Gravel fine, cobbles and boulders at base. (Glacial 
Deposits) 
 

1.9-2.2 Soft to firm brown slightly sandy gravelly SILT with some 
pebbles, cobbles and boulders of limestone (Glacial Deposits) 
 

2.2-3.0 Loose to medium dense light brown slightly silty, clayey 
SAND with occasional fine gravel of limestone and some 
conglomerate fragments, with many cobbles and occasional 
boulders (Glacial Deposits) 
 

3.0-3.70 Boulders and cobbles of limestone with medium dense brown 
clayey sand with fine gravel. (Possible disturbed rock head) 

Notes 
1. No groundwater encountered 
2. Trial pit stable (some minor spalling during excavation) 
3. Very difficult to excavate through boulders and cobbles from 3.5m 

 
 
 
 
 
 



Trial Hole G3;   SO 03419, 09113 
 

Depth 
(m below ground level) 

Strata 

0-0.3 Dark brown clayey SILT with rootlets (Topsoil). 
 

0.3-0.55 Soft to firm orange/brown slightly clayey gravelly SILT with 
some pebbles and fragments of limestone. (Glacial Deposits) 
 

0.55-1.6 Loose to medium dense brown slightly silty clayey SAND 
with occasional fine gravel. From 1.4m frequent cobbles and 
boulders of limestone and conglomerate. (Glacial Deposits) 

 
Notes 

1. No groundwater encountered soils damp to 0.55m. 
2. Trial pit stable 
3. Pit terminated on large boulder at 1.6m 

 
 
Trial Hole G4;   SO 03447, 09096 
 

Depth 
(m below ground level) 

Strata 

0-0.15 Brown clayey SILT with rootlets (topsoil) 
 

0.15-1.0 Soft to firm brown slightly sandy clayey SILT with pebbles 
and some cobbles of limestone. (Glacial Deposits) 
 

1.0-2.6 Soft to firm brown clayey SILT, sandy in places, with many 
cobbles and occasional limestone boulders. (Glacial 
Deposits) 
 

2.6-3.1 Boulders and cobbles of limestone with dark brown slightly 
silty clayey sand (Possible disturbed rock head) 

 
Notes 

1. No Groundwater encountered, soils damp from 1.0m 
2. Trial pit stable 
3. Very difficult to excavate through boulders from 3m 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Trial Hole G5;   SO 03490, 09080 
 

Depth 
(m below ground level) 

Strata 

0-0.4 Brown slightly clayey SILT with rootlets (Topsoil) 
 

0.4-0.5 Orange slightly sandy clayey SILT band.  
 

0.5-2.0 Soft to firm brown slightly silty very sandy CLAY with many  
cobbles of limestone (Glacial Deposits) 
 

2.0-2.5 Loose to medium dense brown, slightly silty clayey SAND 
with many cobbles, some boulders, and one piece of wood. 
Boulders up to 0.6m in diameter.  (Glacial Deposits) 
 

2.5-2.8 Limestone boulders and slabs with brown clayey sand 
(Possible Disturbed Bedrock) 

 
Notes 

1. No groundwater encountered 
2. Trial pit Stable 
3. Wood encountered likely to have fallen in to pit during excavation 
4. Very difficult to excavate through large slabs and boulders from 2.5m 
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Trial Pit Photographs 
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Our Ref: EFS/074885M (Ver. 1)
Your Ref: 

TES Bretby
PO Box 100

Bretby Business Park

Ashby Road

Burton-on-Trent

Ms L Dymock Staffordshire

Arup DE15 0XD

4 Pierhead Street
Capital Waterside Telephone: 01283 554400

Cardiff Facsimile: 01283 554422

CF10 4QP

For the attention of Ms L Dymock

Dear Ms Dymock

SOIL Sample Analysis - Tkefechan

Samples from the above site have been analysed in accordance with the schedule supplied.
The sample details and the results of analyses for these samples are given in the appended report.

An invoice for this work will follow under a separate cover.

Where appropriate the samples will be kept until 22/11/07 when they will be discarded. Please call 01283 554403 for
an extension of this date.
Please be aware that from 1 January 2003 our policy for the retention of paper based laboratory records and analysis reports
will be 6 years.

The work was carried out in accordance with Environmental Services Group Standard Terms and Conditions of Contract.

If I can be of any further assistance please do not hesitate to contact me.

Yours sincerely

for TES Bretby

J Hannah
Project Co-ordinator
01283 554403

October 27, 2007

TES Bretby is a trading name of Environmental Services Group Limited.
Registered office: Askern Road, Carcroft, Doncaster, South Yorkshire DN6 8DG
Registered No: 2880501 EFS/074885M Ver. 1



Arup                             
4 Pierhead Street                
Capital Waterside              
Cardiff                          
CF10 4QP                        
                                    
                                                                                  
                              

Site: Tkefechan

The analysis was completed by:

Tests where the accreditation is set to N or No, and any individual data items marked with a * are not UKAS or MCERTS accredited
Any opinions or interpretations expressed herein are outside the scope of any UKAS accreditation held by TES Bretby Laboratories.

The following tables are contained in this report:

On behalf of
TES Bretby : Date of Issue: 27-Oct-2007
J Hannah Project Co-ordinator

Table 1 Main Analysis Results (Pages 2 to 3)
Table of PAH (MS-SIM) (80) Results (Pages 4 to 7)
GC-FID Chromatograms (Pages 8 to 11)
Table of Report Notes (Page 12)

27-Oct-2007

The 4 samples described in this report were logged for analysis by TES Bretby on 11-Oct-2007.

TEST REPORT
SOIL SAMPLE ANALYSIS

TES Report No. EFS/074885M (Ver. 1)

TES Bretby accepts no responsibility for any sampling not carried out by our personnel.

Tests marked '^' have been subcontracted to another laboratory.

All results are reported on a dry weight basis at 105oC unless otherwise stated. (except QC samples)

Accreditation Codes: N (Not Accredited), U (UKAS), UM (UKAS & MCERTS)

(NVM) - denotes the sample matrix is dissimilar to matrices upon which the MCERTS validation was based,
and is therefore not accredited for MCERTS.

TES Bretby, P.O. Box 100, Burton-on-trent, DE15 0XD Tel: 01283 554400 Fax:  01283 554422
TES Bretby is a trading name of Environmental Services Group Limited.

Registered No: 2880501Page 1 of 12 EFS/074885M Ver. 1



 Client : Arup

 Site : Tkefechan

 Report Number : S07_4885M

Lab ID Number Client ID

CL/0729057 TH1 0.3
CL/0729058 TH6 0.4
CL/0729059 G5 0.35
CL/0729060 G3 0.4

Description

Brown Gravel SILT  
Brown Gravel SILT  

Brown Gravel SILT  
Brown Gravel SILT  

Sample Descriptions

TES Bretby EFS/074885M Ver. 1



Units : mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg % mg/kg pH Units
Method Codes : ICPMSS ICPMSS ICPMSS ICPMSS ICPMSS ICPMSS ICPMSS ICPMSS ICPMSS ICPWSS TMSS TPHFIDUS WSLM3

Method Reporting Limits : 2 0.1 3 3 3.5 0.10 2.5 0.5 19.5 10 0.2 10.0
Accreditation Code: UM U UM UM UM U UM U UM UM U UM U
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0729060 G3 0.4 8.4 0.12 12.7 7.5 22.2 <0.1 10.1 <0.5 35.6 <21  13.1 <11.5  6.7

0729059 G5 0.35 19.5 0.42 10.6 9.1 39.7 <0.1 7.3 <0.5 52.5 <21  17.6 33  7.0

0729057 TH1 0.3 8.4 0.1 10.6 5.4 19.5 <0.1 4.5 0.5 26.3 25  14.8 22  6.3

0729058 TH6 0.4 14 0.27 7.1 9.1 25 <0.1 6.4 0.5 122.9 59  17.5 18.2  5.5

  Contact 

 Date Printed

 Report Number EFS/074885M

 Table Number 1

  PO Box 100, Bretby Business Park,

  Burton-on-Trent, Staffordshire, DE15 0XD

  Tel  +44 (0) 1283 554400

  Fax +44 (0) 1283 554422

  Ms L Dymock

27-Oct-07

Tkefechan

  Client Name   Arup Soils Sample Analysis
 TES Bretby
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Units : mg/kg mg/kg mg/kg %
Method Codes : PAHMSUS SFAPI SFAPI SSL

Method Reporting Limits : 0.08 0.5 0.5 0.1
Accreditation Code: N N N
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0729060 G3 0.4 Req <0.6 <0.6 0.6

0729059 G5 0.35 Req <0.6 <0.6 2.4

0729057 TH1 0.3 Req <0.6 <0.6 1.1

0729058 TH6 0.4 Req <0.6 <0.6 2.4

  Contact 

 Date Printed

 Report Number EFS/074885M

 Table Number 1

  PO Box 100, Bretby Business Park,

  Burton-on-Trent, Staffordshire, DE15 0XD

  Tel  +44 (0) 1283 554400

  Fax +44 (0) 1283 554422

  Ms L Dymock

27-Oct-07

Tkefechan

  Client Name   Arup Soils Sample Analysis
 TES Bretby
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1

Polycyclic Aromatic Hydrocarbons
GC/MS (SIM)

Customer and Site Details: Arup: Tkefechan
Sample Details: TH1 0.3 Job Number: S07_4885M
LIMS ID Number: CL0729057 Date Booked in: 11-Oct-07
QC Batch Number: 3235 Date Extracted: 16-Oct-07

Quantitation File: Initial Calibration Date Analysed: 17-Oct-07
Directory: 1016PAH.MS9\ Matrix: Soil
Dilution: 1.0 Ext Method: Ultrasonic

Accredited?: No

Target Compounds CAS # R.T. Concentration % Fit Accr.

(min) mg/kg code

Naphthalene 91-20-3 - < 0.09 - N

Acenaphthylene 208-96-8 - < 0.09 - N
Acenaphthene 83-32-9 - < 0.09 - N
Fluorene 86-73-7 - < 0.09 - N
Phenanthrene 85-01-8 - < 0.09 - N
Anthracene 120-12-7 - < 0.09 - N
Fluoranthene 206-44-0 - < 0.09 - N
Pyrene 129-00-0 - < 0.09 - N
Benzo[a]anthracene 56-55-3 - < 0.09 - N
Chrysene 218-01-9 - < 0.09 - N
Benzo[b]fluoranthene 205-99-2 - < 0.09 - N
Benzo[k]fluoranthene 207-08-9 - < 0.09 - N
Benzo[a]pyrene 50-32-8 - < 0.09 - N
Indeno[1,2,3-cd]pyrene 193-39-5 - < 0.09 - N
Dibenzo[a,h]anthracene 53-70-3 - < 0.09 - N
Benzo[g,h,i]perylene 191-24-2 - < 0.09 - N
Total (USEPA16) PAHs - - < 1.50 - N

"M" denotes that % fit has been manually interpreted

Internal Standards % Area Surrogates  % Rec
1,4-Dichlorobenzene-d4 NA Nitrobenzene-d5 N.D
Naphthalene-d8 71 2-Fluorobiphenyl 102
Acenaphthene-d10 68 Terphenyl-d14 122
Phenanthrene-d10 73
Chrysene-d12 70
Perylene-d12 37

Concentrations are reported on a dry weight basis.

The Total PAH result is the sum of non-rounded individual PAH results and therefore may 
differ to the sum of the rounded individual PAH results printed above.  By convention, where
any one or more result is a "less than", the total is expressed as a "less than" and includes 
the "less than" concentration within the total.

Page 4 of 12 Results corrected to dry weight at 105°C where appr opriate, in accordance with the MCERTS standard. EFS/074885M Ver. 1



1

Polycyclic Aromatic Hydrocarbons
GC/MS (SIM)

Customer and Site Details: Arup: Tkefechan
Sample Details: TH6 0.4 Job Number: S07_4885M
LIMS ID Number: CL0729058 Date Booked in: 11-Oct-07
QC Batch Number: 3235 Date Extracted: 16-Oct-07

Quantitation File: Initial Calibration Date Analysed: 17-Oct-07
Directory: 1016PAH.MS9\ Matrix: Soil
Dilution: 1.0 Ext Method: Ultrasonic

Accredited?: No

Target Compounds CAS # R.T. Concentration % Fit Accr.

(min) mg/kg code

Naphthalene 91-20-3 - < 0.10 - N

Acenaphthylene 208-96-8 - < 0.10 - N
Acenaphthene 83-32-9 - < 0.10 - N
Fluorene 86-73-7 - < 0.10 - N
Phenanthrene 85-01-8 - < 0.10 - N
Anthracene 120-12-7 - < 0.10 - N
Fluoranthene 206-44-0 - < 0.10 - N
Pyrene 129-00-0 - < 0.10 - N
Benzo[a]anthracene 56-55-3 - < 0.10 - N
Chrysene 218-01-9 - < 0.10 - N
Benzo[b]fluoranthene 205-99-2 - < 0.10 - N
Benzo[k]fluoranthene 207-08-9 - < 0.10 - N
Benzo[a]pyrene 50-32-8 - < 0.10 - N
Indeno[1,2,3-cd]pyrene 193-39-5 - < 0.10 - N
Dibenzo[a,h]anthracene 53-70-3 - < 0.10 - N
Benzo[g,h,i]perylene 191-24-2 - < 0.10 - N
Total (USEPA16) PAHs - - < 1.55 - N

"M" denotes that % fit has been manually interpreted

Internal Standards % Area Surrogates  % Rec
1,4-Dichlorobenzene-d4 NA Nitrobenzene-d5 N.D
Naphthalene-d8 70 2-Fluorobiphenyl 108
Acenaphthene-d10 67 Terphenyl-d14 131
Phenanthrene-d10 71
Chrysene-d12 67
Perylene-d12 32

Concentrations are reported on a dry weight basis.

The Total PAH result is the sum of non-rounded individual PAH results and therefore may 
differ to the sum of the rounded individual PAH results printed above.  By convention, where
any one or more result is a "less than", the total is expressed as a "less than" and includes 
the "less than" concentration within the total.
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1

Polycyclic Aromatic Hydrocarbons
GC/MS (SIM)

Customer and Site Details: Arup: Tkefechan
Sample Details: G5 0.35 Job Number: S07_4885M
LIMS ID Number: CL0729059 Date Booked in: 11-Oct-07
QC Batch Number: 3235 Date Extracted: 16-Oct-07

Quantitation File: Initial Calibration Date Analysed: 17-Oct-07
Directory: 1016PAH.MS9\ Matrix: Soil
Dilution: 1.0 Ext Method: Ultrasonic

Accredited?: No

Target Compounds CAS # R.T. Concentration % Fit Accr.

(min) mg/kg code

Naphthalene 91-20-3 - < 0.10 - N

Acenaphthylene 208-96-8 - < 0.10 - N
Acenaphthene 83-32-9 - < 0.10 - N
Fluorene 86-73-7 - < 0.10 - N
Phenanthrene 85-01-8 5.26 0.11 94 N
Anthracene 120-12-7 - < 0.10 - N
Fluoranthene 206-44-0 6.91 0.22 96 N
Pyrene 129-00-0 7.22 0.19 72 N
Benzo[a]anthracene 56-55-3 - < 0.10 - N
Chrysene 218-01-9 9.10 0.10 92 N
Benzo[b]fluoranthene 205-99-2 10.61 0.22 74 N
Benzo[k]fluoranthene 207-08-9 10.63 0.10 77 N
Benzo[a]pyrene 50-32-8 11.02 0.10 86 N
Indeno[1,2,3-cd]pyrene 193-39-5 12.38 0.11 58 N
Dibenzo[a,h]anthracene 53-70-3 - < 0.10 - N
Benzo[g,h,i]perylene 191-24-2 - < 0.10 - N
Total (USEPA16) PAHs - - < 1.99 - N

"M" denotes that % fit has been manually interpreted

Internal Standards % Area Surrogates  % Rec
1,4-Dichlorobenzene-d4 NA Nitrobenzene-d5 N.D
Naphthalene-d8 69 2-Fluorobiphenyl 105
Acenaphthene-d10 67 Terphenyl-d14 134
Phenanthrene-d10 70
Chrysene-d12 62
Perylene-d12 32

Concentrations are reported on a dry weight basis.

The Total PAH result is the sum of non-rounded individual PAH results and therefore may 
differ to the sum of the rounded individual PAH results printed above.  By convention, where
any one or more result is a "less than", the total is expressed as a "less than" and includes 
the "less than" concentration within the total.
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1

Polycyclic Aromatic Hydrocarbons
GC/MS (SIM)

Customer and Site Details: Arup: Tkefechan
Sample Details: G3 0.4 Job Number: S07_4885M
LIMS ID Number: CL0729060 Date Booked in: 11-Oct-07
QC Batch Number: 3235 Date Extracted: 16-Oct-07

Quantitation File: Initial Calibration Date Analysed: 17-Oct-07
Directory: 1016PAH.MS9\ Matrix: Soil
Dilution: 1.0 Ext Method: Ultrasonic

Accredited?: No

Target Compounds CAS # R.T. Concentration % Fit Accr.

(min) mg/kg code

Naphthalene 91-20-3 - < 0.09 - N

Acenaphthylene 208-96-8 - < 0.09 - N
Acenaphthene 83-32-9 - < 0.09 - N
Fluorene 86-73-7 - < 0.09 - N
Phenanthrene 85-01-8 - < 0.09 - N
Anthracene 120-12-7 - < 0.09 - N
Fluoranthene 206-44-0 - < 0.09 - N
Pyrene 129-00-0 - < 0.09 - N
Benzo[a]anthracene 56-55-3 - < 0.09 - N
Chrysene 218-01-9 - < 0.09 - N
Benzo[b]fluoranthene 205-99-2 - < 0.09 - N
Benzo[k]fluoranthene 207-08-9 - < 0.09 - N
Benzo[a]pyrene 50-32-8 - < 0.09 - N
Indeno[1,2,3-cd]pyrene 193-39-5 - < 0.09 - N
Dibenzo[a,h]anthracene 53-70-3 - < 0.09 - N
Benzo[g,h,i]perylene 191-24-2 - < 0.09 - N
Total (USEPA16) PAHs - - < 1.47 - N

"M" denotes that % fit has been manually interpreted

Internal Standards % Area Surrogates  % Rec
1,4-Dichlorobenzene-d4 NA Nitrobenzene-d5 N.D
Naphthalene-d8 71 2-Fluorobiphenyl 87
Acenaphthene-d10 68 Terphenyl-d14 108
Phenanthrene-d10 72
Chrysene-d12 65
Perylene-d12 34

Concentrations are reported on a dry weight basis.

The Total PAH result is the sum of non-rounded individual PAH results and therefore may 
differ to the sum of the rounded individual PAH results printed above.  By convention, where
any one or more result is a "less than", the total is expressed as a "less than" and includes 
the "less than" concentration within the total.

Page 7 of 12 Results corrected to dry weight at 105°C where appr opriate, in accordance with the MCERTS standard. EFS/074885M Ver. 1



Petroleum Hydrocarbons (C8 to C40) by GC/FID

Sample ID: CL0729057 Job Number: S07_4885M
Multiplier: 8 Client: Arup
Dilution: 1 Site: Tkefechan
Acquisition Method: MAX_RUNF.M Client Sample Ref: TH1 0.3
Acquisition Date/Time: 18-Oct-07
Datafile: E:\GC\TES\DATA\Y2007\1018TPH_GC4\078B3101.D
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Petroleum Hydrocarbons (C8 to C40) by GC/FID

Sample ID: CL0729058 Job Number: S07_4885M
Multiplier: 8 Client: Arup
Dilution: 1 Site: Tkefechan
Acquisition Method: MAX_RUNF.M Client Sample Ref: TH6 0.4
Acquisition Date/Time: 18-Oct-07
Datafile: E:\GC\TES\DATA\Y2007\1018TPH_GC4\079B3201.D
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Petroleum Hydrocarbons (C8 to C40) by GC/FID

Sample ID: CL0729059 Job Number: S07_4885M
Multiplier: 8 Client: Arup
Dilution: 1 Site: Tkefechan
Acquisition Method: MAX_RUNF.M Client Sample Ref: G5 0.35
Acquisition Date/Time: 18-Oct-07
Datafile: E:\GC\TES\DATA\Y2007\1018TPH_GC4\080B3301.D
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Petroleum Hydrocarbons (C8 to C40) by GC/FID

Sample ID: CL0729060 Job Number: S07_4885M
Multiplier: 8 Client: Arup
Dilution: 1 Site: Tkefechan
Acquisition Method: MAX_RUNF.M Client Sample Ref: G3 0.4
Acquisition Date/Time: 18-Oct-07
Datafile: E:\GC\TES\DATA\Y2007\1018TPH_GC4\081B3401.D
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Report Notes

Soil/Solid analysis specific:
Results expressed as mg/kg on an air dried basis unless stated otherwise
S04 analysis not conducted in accordance with BS1377 unless otherwise stated
Water Soluble Sulphate on 2:1 water:soil extract
AR denotes analysis conducted on the As Received sample

Water analysis specific:
Results expressed as mg/l unless stated otherwise

Oil analysis specific:
Results expressed as mg/kg unless stated otherwise
S.G. expressed as g/cm3@ 15oC

Filter analysis specific:
Results expressed as mg on filter unless stated otherwise

VOC analysis specific:
Explanatory notes for data flagging
U = undetected above reporting limit
J = concentration at instrument was below lowest calibration standard
E = concentration at instrument was above top calibration standard
B = compound was detected in method blank

Gas (Tedlar bag) analysis specific:
Results expressed as ug/l unless stated otherwise

Air (Carbon tube) analysis specific:
Results expressed as ug on tube unless stated otherwise

Asbestos analysis specific:
CH denotes Chrysotile
CR denotes Crocidolite
AM denotes Amosite
NADIS denotes No Asbestos Detected in Sample
NBFO denotes No Bulk fibres Observed

General notes:
^  this analysis was subcontracted to another laboratory
$ Within laboratory tolerances
$$ unable to analyse due to nature of sample
¥ Results for guidance only, possible interference
& Blank corrected
I.S insufficient sample for analysis
Intf  Unable to analyse due to interferences
N.D Not determined
N.R Not recorded
N.Det Not detected
Req Analysis Requested, see attached sheets for results
Þ Raised detection limit due to nature of sample
* denotes that all accreditation has been removed by the laboratory for this result.
‡ denotes that Mcerts accreditation has been removed by the laboratory for this result.
Note:  The Laboratory may only claim that data is accredited when all of the requirements of our Quality 
System have been met. Where these requirements have not been met the laboratory 
may elect to include the data in its final report and remove the accreditation from individual data items if 
it believes that the validity of the data has not been affected.

If you require further details of the circumstances leading to the removal of the accreditation from any 
data item please do not hesitate to contact the laboratory

END OF REPORT
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