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1.0 INTRODUCTION 

1.1 On the instructions of Opus International Consultants (UK) Limited Consulting 

Engineers to Welsh Assembly Government, a supplementary ground investigation 

was undertaken to determine ground and groundwater conditions at the site. 

1.2 This report has been prepared for the sole use of the Client for the purpose described 

and no extended duty of care to any third party is implied or offered.  Third parties 

using any information contained within this report do so at their own risk. 

1.3 The comments given in this report and the opinions expressed herein are based on the 

information received, the conditions encountered during site works, and on the results 

of tests made in the field and laboratory.  However, there may be conditions 

prevailing at the site which have not been disclosed by the investigation and which 

have not been taken into account in the report. 

1.4 The comments on groundwater conditions are based on observations made at the time 

the site work was carried out.  It should be noted that groundwater levels vary owing 

to seasonal or other effects. 

2.0 SITE SETTING 

2.1 Site Location 

2.1.1 The site is situated in Broughton at Leicester Lane, and may be located by 

National Grid Reference SJ 327,631. A site location plan is included in 

Appendix 1, Figures A1.1. 

2.2 Site Description 

2.2.1 The site at the time of the walkover consisted of a large area of pasture land 

with occasional large deciduous trees spread across the site. The land was 

divided into different sized fields by hedge rows. 

2.2.2 To the W of the site on plateau B the site was reasonably flat with occasional 

areas of glacial depressions. The site sloped down at a considerably gradient 

from Plateau B to the lower laying plateau A. 

2.2.3 The site is bound to the N by Mold Road; to the E of the site running along 

the full length of the site is Leicester Lane with farm land opposite. To the S 

of the site is a small stream with a small wooded area in the W side of the S 

boundary. To the W the site is bound by more agricultural land and 

Kinnerton Lane. 
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3.0 SITE WORK 

3.1 The site work was carried out between 9
th

 and 18
th

 January 2008.  The locations of 

exploratory holes were indicated by the Engineer, and the site works carried out on 

the basis of the practices set out in BS 10175:2001, ref. 5.1, and BS 5930:1999 ref. 

5.2 

3.2 Seventeen boreholes, designated BH01 to BH17 were sunk by light cable percussion 

method, Ten of the boreholes, BH04 to BH10, and BH15 to BH17 were extended by 

rotary coring techniques.  Seventeen boreholes, designated WS01-WS17, were sunk 

by drive-in window sampler techniques, eighteen boreholes, designated DP01 to 

DP18 were sunk by dynamic probing methods and fifteen trial pits, designated TP01 

to TP15 were excavated by machine, at the positions shown on the site plan, 

Appendix 1, Figure A1.2.  The depths of boreholes and trial pits, descriptions of strata 

encountered and comments on groundwater conditions are given in the borehole, 

window sample hole, dynamic probe hole and trial records, Appendix 2, Figures A2.1 

and A2.4. 

3.3 Representative disturbed and undisturbed samples were taken at the depths shown on 

the borehole, window sample hole and trial pit records and despatched to the 

laboratory.  Standard (split-barrel and cone) penetration tests, ref.5.2.were carried out 

in the light cable percussion boreholes in the various strata to assess the relative 

density or consistency.  The values of penetration resistance are given in the borehole 

records and in greater detail in Appendix 2, Figure A2.7.  

3.4 Samples were collected for environmental purposes in amber glass jars and kept in a 

cool box. 

3.5 In-situ Californian Bearing Ratio tests and probing by TRL methods were conducted 

at all trial pit locations. Results of these tests are presented in Appendix 2, Figure 

A2.5 and A2.6. 

3.6 Perforated standpipes, surrounded by pea shingle and protected by a stopcock cover 

were installed in thirteen boreholes, BH01 to BH12 and WS10, as detailed in the 

borehole records and also in Appendix 2, Figure A2.8. 

3.7 The ground levels at the borehole locations were determined using traditional survey 

techniques and plotted on a plan supplied by the Client.  

3.8 Gas and groundwater levels were recorded six occasions following site works. Details 

of this monitoring are presented in Appendix 5. 
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4.0 LABORATORY TESTS 

4.1 Geotechnical Testing 

4.1.1 All soil samples were prepared in accordance with BS1377: Part One: 1990 

ref. 5.3 and representative sub-samples were taken for testing.  The following 

tests were carried out: The results of the rock testing will be included within 

the final report. 

• 18 No. Moisture content 

• 18 No. Plasticity indices 

• 1 No. Bulk density 

• 14 No. Particle size distribution by wet sieve 

• 11 No. Particle size distribution by sedimentation 

• 21 No. pH 

• 14 No. Water soluble sulphate 

• 2 No. Groundwater sulphate 

• 3 No. Dry density/moisture content relationship 

• 7 No. Californian bearing ratio 

• 8 No. Undrained triaxial test without pore water measurement 

• 7 No. One dimensional consolidation 

 

4.1.2 The results of these tests are presented in Appendix 3. 

4.2 Chemical Testing 

4.2.1 The suite of chemical analyses has been based upon the findings of the desk 

study, the conceptual model and observations on site. The chemical analyses 

were carried out on fifty six samples of soil, seven samples of leachate and 

six samples of water.  The nature of the analyses is detailed below:  

4.2.2 Soil Suite: 

4.2.2.1 Metal Suite - arsenic, boron (water soluble), cadmium, chromium, 

copper, lead, mercury, nickel, selenium and zinc. 

4.2.2.2 Volatile Organic Compounds (VOC) - including: benzene, 

toluene, ethylbenzene and xylenes (BTEX) and chlorinated solvents 

4.2.2.3 Organic Screen - total petroleum hydrocarbons (TPH) – 

alphatic/aromatic split, polyaromatic hydrocarbons (PAH) – USEPA 

16 suite, monohydric phenols 

4.2.2.4 Inorganics Screen – pH, sulphate (2:1 extract) and cyanide (free). 
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4.2.2.5 PCBs (as congeners). 

4.2.2.6 WAC Testing. 

4.2.3 Leachate Suite: 

4.2.3.1 WAC Testing. 

4.2.4 Water Suite: 

4.2.4.1 Metal Suite - arsenic, boron, cadmium, chromium, copper, lead, 

mercury, nickel, selenium and zinc. 

4.2.4.2 Organic Screen - total petroleum hydrocarbons (sTPH) – C6-C10, 

C10-C14 and C15-C36 and polyaromatic hydrocarbons (PAH) – 

USEPA 16 suite. 

4.2.4.3 Inorganics Screen – pH, sulphate, sulphur, cyanide (total) and 

hardness. 

4.2.5 The results of these tests are shown in Appendix 4. 
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5.0 REFERENCES 

5.1 British Standards Institute: BS 10175 ‘Code of practice for the investigation of 

potentially contaminated sites’, BSI 2001. 

5.2 British Standards Institute: BS 5930 ‘Code of practice for site investigations’, BSi 

1999. 

5.3 British Standard 1377:1990, Part 9, ‘Methods of Test for Soils for Civil Engineering 

Purposes’. 

5.4 Building Research Establishment, Special Digest 1, “Concrete in Aggressive 

Ground”, 3
rd

 Edition, 2005. 

5.5 MCERTS Performance Standard for Laboratories Undertaking Chemical Testing of 

Soil v2, Feb 2003. British Standards Institute: BS 10175 ‘Code of practice for the 

investigation of potentially contaminated sites’, BSI 2001. 

  

 

  For and on behalf of Ian Farmer Associates (1998) Limited 

 

 

 

 

 C P Bailey J A Latimer  

 BSc (Hons) MSc FGS  BSc (Hons) FGS 

 Principal Engineering Geologist  Director  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

APPENDIX  1  

DRAWINGS 



 
 
 
 
 
 

 
 
 
 
 

                               
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Reproduced with the permission of the Controller of Her Majesty’s Stationery Office, © Crown copyright. Licence No. AL 100031101 
 

PROJECT: 40274 – Warren Hall 

FIGURE No. A1.1.                              SCALE: NTS 

TITLE: Site Location Plan 

 
 

 

The Site 





 

 

 

 

 

 

 

 

 

 

 

 

 

 

APPENDIX  2  

SITE WORK 



 

Appendix 2 pages   ii/i-ii/viii ii/i 

 

 

APPENDIX 2 

GENERAL NOTES ON SITE WORKS 

A2.1 SITE WORK 

A2.1.1 Rotary Drilling  

For exploration within rock rotary drilling methods are employed, where the drill bit is 

rotated on the bottom of the borehole. This method is occasionally used for drilling within 

soils. The drilling fluid is transferred from the surface though hollow drilling rods to the 

bit cooling and lubricating. Drilling fluids commonly comprise clean water, air, foam, 

mud or polymers which aid the transportation of drill cuttings to the surface and 

maximise core recovery.  

There are two basic types of rotary drilling:  

• Open hole where the drill bit cuts all the material within the diameter of the borehole. 

This technique is sometimes used in soils and weak rocks as a rapid and economical 

means of making holes for taking soil samples, carrying out insitu soil tests, 

installing instruments and probing for voids such as mine workings or solution 

cavities. The only samples recovered are the poor quality drill cuttings.   

• Core drilling where an annular bit fixed to the bottom of the core barrel cuts a core, 

which is recovered within the innermost tube of the core barrel. Coring is normally 

carried out by triple tube core barrels. At the end of the core run the core barrel 

assembly is brought to the surface. The core is prevented from dropping out of the 

barrel by a core catcher made of spring steel. The non-rotating inner barrel contains a 

removable sample tube or liner. At the end of each coring run the liner is extracted 

from the barrel and stored in a core box, where it can be photographed, described and 

tested. 

A2.1.2 Light Cable Percussion Boring 

For routine soil exploration to depths in excess of 3m, the light cable percussion rig is 

generally employed for boring through soils and weak rocks.  It consists of a powered 

winch and tripod frame, with running wheels that are permanently attached so that the rig 

may be towed behind a suitable vehicle. The rig is towed into position and set up using its 

own winching system. 

The locations of services are checked to make sure the borehole is not situated 

unacceptably near any services.  Regardless of the proximity of services, a CAT scan is 

undertaken at the borehole location and a trial hole dug to 1.20m by hand. 

Boreholes are advanced in soil by the percussive action of the cable tool.  The force of the 

cylindrical tool as it is dropped a short distance cuts a plug of cohesive soil that is 

removed by the tool. 

In non-cohesive soils, the borehole is advanced by a ‘shell’, otherwise known as a ‘bailer’ 

or ‘sand pump’, which incorporates a clack valve.  Material is transferred into the shell 

and retained by the clack valve.  The water level in a borehole is maintained above that in 

the surrounding granular soil to allow for temporary reductions in the head of water as the 

shell is withdrawn from the borehole.  Water should flow from the borehole into the 

surrounding soil at all times to prevent ‘piping’ and loosening the soil at the base of the 

hole.  The casing is always advanced with the borehole in granular soil so that material is 

drawn from the base rather than the borehole sides. 
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Obstructions to boring are overcome by fitting a serrated chiselling ring to the base of the 

percussion tool.  For large obstructions, a heavy chisel with a hardened cutting edge may 

have to be used. 

Disturbed samples are taken in polythene bags, jars or tubs that are sealed against air or 

water loss. 

Undisturbed samples are generally taken in cohesive materials at changes in strata and at 

one metre intervals to 5 metres then at 1.5 metre intervals to the full depths of the 

borehole.  The general purpose open-tube sampler is suitable for firm to stiff clays, but is 

often used to retrieve disturbed samples of weak rocks, soft or hard clay and also clayey 

sand or silts.  This has been adopted for routine use, and usually consists of a 100mm 

internal diameter tube (U100), which is capable of taking soil samples up to 450mm in 

length.  The undisturbed samples are sealed at each end using micro-crystalline wax to 

prevent drying. 

Standard penetration tests are generally carried out in non-cohesive soils but also in stiff 

clays and soft rocks at frequencies similar to that of undisturbed sampling. 

A2.1.3 Drive-in Window Sampler 

The drive-in window sampler consists of a series of cylindrical sample tubes, generally 

varying in diameter from 80mm to 35mm.  A cutting shoe is fitted to the bottom of each 

tube, while a window, representing about a quarter of the circumference, is cut along the 

length of the tube. 

The largest diameter tube is driven into the ground using a small vibrating breaker.  The 

sample tube is extracted by means of a ratchet or hydraulic extraction system. 

The borehole is extended by using progressively smaller diameter tubes. 

Soil samples are extracted through the window of the tube. 

A2.1.4 Dynamic Probing Heavy, DPH 

This covers the determination of the resistance of in-situ soil to a 90° cone being driven 

dynamically,  Dynamic Probing can be used to determine presence of variations in strata, 

however, since samples are not recovered, it should be carried out in conjunction with 

sampling. 

In principle, the test consists of driving a 90° cone of 15cm² cross-sectional area into the 

ground using a 50kg drop hammer falling a standard height of 500mm.  At regular 

intervals, in order to minimise friction on the shaft, the rods are turned. 

The results are recorded as the number of blows of the hammer to drive the cone 100mm, 

N100, together with the torque to turn the rods. 

As an approximate correlation, the resistance determined by the DPH may be related to 

the SPT ‘N’ value as: 

 ‘N’ value = 2 x N100 

A2.2 IN-SITU TESTS 

A2.2.1 Standard Penetration Test 

The Standard Penetration Test is carried out in accordance with the proposals 

recommended by BS 1377, Part 9, 1990, ref 5.3Error! Reference source not found.. 
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The standard penetration test, SPT, covers the determination of the resistance of soils to 

the penetration of a split barrel sampler.  A 50mm diameter split barrel sampler is driven 

450mm into the soil using a 65kg hammer with a 760mm drop.  The penetration 

resistance is expressed as the number of blows required to obtain 300mm penetration 

below an initial seating drive of 150mm through any disturbed ground at the bottom of 

the borehole.  The number of blows to achieve the standard penetration of 300mm is 

reported as the ‘N’ value. 

The test is generally carried out in fine soils, however, it may also be carried out in coarse 

granular soils, weak rocks and glacial tills using the same procedure as for the SPT but 

with a 50mm diameter, 60° apex solid cone replacing the split spoon sampler, CPT.  

When attempting the standard penetration test in very dense material or weathered rocks 

it may be necessary to terminate the test before completion to prevent damage to the 

equipment.  In these circumstances it is important to distinguish how the blow count 

relates to the penetration of the sampler.  This may be achieved in the following manner: 

• Where the seating drive has been completed, the test drive is terminated if 50 

blows are reached before the full penetration of 300mm is achieved.  The 

penetration for 50 blows is recorded and an approximate N value obtained by 

linear extrapolation of the number of blows for the partial test drive. 

• If the seating drive of 150mm is not achieved within the first 25 blows, the 

penetration after 25 blows is recorded and the test drive then commenced. 

• For tests in soft rocks, the test drive should be terminated after 100 blows where 

the penetration of 300mm has not been achieved.  

The N-value obtained from the Standard Penetration Test may be used to assess the 

relative density of sands and gravels as follows: 

 

Term SPT N-Value : Blows/300mm Penetration 

Very Loose 

Loose 

Medium Dense 

Dense 

Very Dense 

0  - 4 

4  - 10 

10 - 30 

30 - 50 

Over 50 

 

A2.2.2 Dynamic Cone Penetrometer, DCP 

The dynamic cone penetrometer consists of a 16mm diameter rod with a 20mm diameter, 

60° cone of tempered steel at one end.  The impact is provided by means of an 8kg sliding 

hammer falling 575mm.  The total weight of the instrument is about 12kg. 

The correlation of DCP to California Bearing Ratio, CBR, has been determined to be as 

below. 

The correlation for DCP to SPT ‘N’ value has been determined on the basis of equivalent 

energy imparted per unit area of penetrometer.  This provides an approximate correlation 

of 

 ‘N’ value = 
6.0

mm300forblowsDCP
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A2.2.3 California Bearing Ratio, CBR 

The California Bearing Ratio test is used to evaluate the strength of subgrade by 

measuring the load required to cause a plunger of standard size (50mm diameter) into the 

ground at a standard rate (1.00mm/min) and comparing the result with a standard 

material,  . 

The test is arbitrary in that the results cannot be accurately related to any of the 

fundamental properties governing soil strength.  However, in that the deformation is 

predominantly shear, the CBR can be regarded as an indirect measurement of shear 

strength and modulus of subgrade reaction. 

Alternative methods of determining the equivalent CBR by cone penetrometer can be 

undertaken.  The Mexicone consists of a 30° cone of 129mm² cross-section that is pushed 

into the ground at a steady rate.  The load is determined through a compression spring that 

deflects under load and is calibrated to give a direct reading of CBR on a dial.  The 

instrument is best suited in cohesive or fine granular soil, but in gravelly soil it should not 

be used. 

A2.3 SAMPLES 

U(x)  represents undisturbed 100mm diameter sample with (x) being the number of blows required 

to obtain sample. 

 U fail  indicates undisturbed sample not recovered 

 HV represents Hand Vane test with equivalent undrained shear strength 

 PP represents Pocket Penetrometer test with equivalent undrained shear strength 

 CBR represents California Bearing Ratio test 

 B  represents large bulk disturbed samples 

 D represents small disturbed sample 

 W represents  water sample 

  respresents water strike  

  represents level to which water rose 

 

A2.4 DESCRIPTION OF SOILS 

A2.4.1 General 

The procedures and principles given in Section 6 of BS 5930, ref 5.3    have been used in 

the soil descriptions contained within this report.  

A2.4.2 Predominantly Coarse Soils 

A coarse soil (omitting any boulders or cobbles) contains about 65% or more coarse 

material and is described as a SAND or GRAVEL depending on which of the constituents 

predominates.  The secondary constituents of coarse soils should precede the main soil 
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type e.g. ‘Medium dense brown very gravelly coarse SAND.  Gravel is subangular fine 

and medium of sandstone and mudstone’.   

A2.4.3  Deposits containing silt-sized and clay-sized particles  

Most soils are mixtures of clay and silt sized particles.  Fine soil should be described as 

either a clay or a silt, depending on the plastic properties.  If ambiguous, the term 

CLAY/SILT should be used. 

A2.4.4 Deposits containing mixtures of fine and coarse soil. 

The appropriate quantified terms should be used before the principal soil type.  It is 

recommended that the dominant secondary fraction come immediately before the 

principal soil term.  Additional detail can be added in a separate sentence thus, ‘Gravelly 

very clayey SAND.  Gravel (10%) is fine of rounded quartz.  Clay is firm’. 

The terms ‘silty’ and ‘clayey’ are mutually exclusive as in a coarse soil and based on the 

plastic properties of the fine fraction.  
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Table 1   Deposits containing boulder-size and cobble-size particles 

 

Term Composition 

 

BOULDERS (or COBBLES) with a little finer material 

 

BOULDERS (or COBBLES) with some finer material 

 

BOULDERS (or COBBLES) with much finer material 

 

FINER MATERIAL with many boulders (or cobbles) 

 

FINER MATERIAL with some boulders (or Cobbles) 

 

FINER MATERIAL with occasional boulders (or 

cobbles)  

 

Up to 5% finer material 

 

5 to 20% finer material  

 

20 to 50% finer material 

 

50 to 20% boulders (or cobbles) 

 

20 to 5% boulders (or cobbles) 

 

up to 5% boulders (or cobbles) 

 

 

Term Principal Soil Type Approximate proportion of secondary 

constituent  

 

Slightly sandy or gravelly 

 

Sandy or gravelly 

 

Very sandy or gravelly 

 

 

 

SAND  

or 

GRAVEL 

 

 

 

SAND and GRAVEL 

 

Up to 5% 

 

5 to 20% 

 

over 20% 

 

about equal proportions  

 

Table 2     Mixtures of coarse and fine fractions. 

Term Before 
Principal 

Term 

Proportion of 

secondary 

Coarse soil 

constituent 

Coarse and/or fine 

soil 

Slightly clayey or silty and/or 

sandy gravelly 

Clayey or silty and/or sandy or 

gravelly 

Very clayey or silty and/or 

sandy or gravelly 

SAND  

and/or 

GRAVEL 

           < 5 

       

      5 – 20 % 

       

         20 % 

Very sandy or gravelly 

Sandy and/or gravelly 

Slightly sandy an/or gravelly  

SILT or CLAY        < 65% 

        

     35 – 65 % 

      

       <35 % 
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For clays the strength scale is used as follows: 

  

Term Field Identification Undrained shear strength 

(KN/m
2
) 

Very Soft Exudes between fingers when 

squeezed in hand 

             < 20 

Soft Moulded by light finger pressure             20 - 40 

Firm 

 

Can be moulded by strong finger 

pressure 

            40 - 75 

             

Stiff 

 

Cannot be moulded by finger. Can 

be indented by thumb. 

            75 - 150 

            

Very Stiff Can be indented by thumbnail.            150 - 300 

Hard (or very weak 

mudstone) 

              > 300 

 
A2.4.5 Man Made Soils 

Man made soils (Made Ground or Fill) have been placed by man and can be divided into 

those composed of natural reworked soils and those composed of man-made materials.  

Fills are placed in the ground in a controlled manner and soils defined as Made Ground 

are placed without any engineering control.  For example: 

‘MADE GROUND comprising plastic bags, window frames, garden refuse and 

newspapers’. 

‘ MADE GROUND dense brown sandy GRAVEL with occasional tiles, wire and glass’. 

‘Firm yellow brown slightly sandy CLAY with clods (up to 200mm) of firm to stiff 

orange CLAY (EMBANKMENT FILL)’. 

A2.4.6 Organic Soils 

Small quantities of dispersed organic matter can have a marked effect on plasticity and 

hence the engineering properties of the soil.  The following quantifying terms are 

appropriate: 

 

Term Organic Content Typical Colour 

Slightly  organic clay or silt 

Slightly organic sand 

      2 - 5 

      1 – 3 

Grey 

As mineral 

Organic clay or silt 

Organic sand 

      5 – 10 

      3 – 5 

Dark grey 

Dark grey  

Very organic clay or silt 

Very organic sand 

      >10 

      >5 

Black 

Black 
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A2.5 GEOLOGICAL  LOGGING 

A2.5.1 General 

The procedures and principles given in Section 6 of BS 5930, ref 5.3. have been used in 

the rock descriptions contained within this report. 

Open hole drilling (OH) was achieved with a tricone rock bit. 

A core run is the length of rock drilled from the base of the hole each time the core barrel 

is run into the hole. 

A2.5.2 Fracture State 

Various criteria may be used for quantitative description of the Fracture State of rock 

cores.  The standard terms are as follows.   

TCR (%)  ratio of core recovered (solid and non intact) to length of core run. 

SCR (%)  ratio of solid core recovered to length of core run. 

RQD (%)  ratio of solid core pieces longer than 100mm to length of core run. 

Fracture Index a count of the number or spacing of fractures over an arbitrary length 

of core of similar intensity of fracturing.  Commonly reported as 

either Fracture Index (FI, number of fractures per metre) or as 

Fracture Spacing (If mm). 

NR  indicates no core recovery. 

NI  indicates intensely fractured rock which is not of sufficient quality to 

allow an assessment of fracture spacing to be made.    
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Figure No.

1:50 GP

40274.BH01

150mm to 4.00m

Warren Hall Site - Broughton

Welsh Assembly Government

Opus International Consultants (UK) Ltd

BH01

40274

17/01/2008

Produced by the GEOtechnical DAtabase SYstem (GEODASY) (C) all rights reserved

Boring Method Casing Diameter

Borehole

Casing
Depth

(m)

Water
Depth

(m)

Cable Percussion

0.00-0.50 B1

0.20 D2
0.20 J3

(0.50)

  0.50

Grass over TOPSOIL: Very soft, brown, sandy 
clay with some plant material.

0.50 D5
0.50 J6
0.50-1.00 B4 (0.70)

  1.20

Firm, mottled orange brown, sandy, slightly 
gravelly CLAY.  Gravel is subrounded to 
subangular, fine and medium including sandstone 
and siltstone.

1.20-1.65 U7 0.45 1.20 DRY 36 blows

1.70 D8

Below 2.00m: brown.2.00-2.45 SPT N=16 3,3/3,4,3,61.70 DRY
2.00-2.45 D10
2.00-2.45 B9

2.50 J11

(1.80)

  3.00

Firm, grey brown, sandy, slightly gravelly CLAY.  
Gravel is subrounded to subangular, fine and 
medium including sandstone and siltstone.

3.00-3.45 SPT N=22 5,6/5,5,5,73.00 DRY
3.00 D13
3.00 J15
3.00-3.45 B12
3.00-3.45 D14

Below 4.00m: recovered as slightly clayey, 
slightly sandy, angular to subangular, fine to 
coarse gravel.

4.00-4.44 SPT 50/290 7,10/12,13,14,114.00 DRY
4.00 D17
4.00-4.44 D16

(1.50)

  4.50

Dark blue grey MUDSTONE, recovered as stiff, 
friable, sandy, gravelly clay.  

Complete at 4.50m

Excavating from 0.00m to 1.20m for 1.00 hour. 
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Figure No.

1:50 GP

40274.BH02

150mm to 6.00m

Warren Hall Site - Broughton

Welsh Assembly Government

Opus International Consultants (UK) Ltd

BH02

40274

16/01/2008

Produced by the GEOtechnical DAtabase SYstem (GEODASY) (C) all rights reserved

Boring Method Casing Diameter

Borehole

Casing
Depth

(m)

Water
Depth

(m)

Cable Percussion

1

0.00-1.00 B1

0.20 D2

(0.30)

  0.30

Grass over TOPSOIL: Dark brown, clayey SAND 
with occasional nodules of clay and plant material.

0.30 D3
0.30 J4 (0.50)

  0.80

Firm, orange brown, sandy, slightly gravelly CLAY. 
 Gravel is subrounded to subangular, fine and 
medium including sandstone, siltstone and coal 
(possible made ground).0.80 D5

0.80 J6

Water strike(1) at 
1.20m, sealed at 
3.50m.

1.20-1.64 SPT 50/290 7,11/12,11,12,151.20 1.20

1.20-1.64 D8
1.20-1.65 B7

(0.60)

  1.40

Very dense, orange brown, very clayey SAND and 
rounded to subrounded, fine to coarse GRAVEL 
with occasional nodules of clay.  Gravel consists 
of sandstone.

(0.40)

  1.80
COBBLE/BOULDER of sandstone (driller's 
description).

2.00-2.45 CPT N=18 5,3/4,5,4,52.00 WET
2.00-2.45 B9

3.00-3.45 CPT N=15 2,3/4,3,4,43.00 WET
3.00-3.45 B10

(1.70)

  3.50

Medium dense, orange brown SAND and rounded 
to subrounded, fine to coarse GRAVEL.  Gravel 
includes sandstone, siltstone and quartz.

3.50 J12
3.50 D11
3.80 D13
3.80 J14

At 4.00m: occasional cobbles.4.00-4.45 SPT N=18 4,5/5,4,5,44.00 DRY
4.00-4.45 B15
4.00-4.45 D16

4.60 D17

5.00-5.44 SPT 50/285 7,8/11,12,13,144.70 DRY
5.00-5.44 D19
5.00-5.45 B18

(1.60)

  5.10

Firm, brown, sandy, slightly gravelly CLAY.  Gravel 
is rounded to subrounded, fine and medium 
including sandstone, siltstone and quartz.

5.50 D20

At 6.00m: recovered as sandy, angular to 
subrounded, fine to coarse gravel.

(0.90)

  6.00

Blue grey MUDSTONE, recovered as very stiff, 
friable, sandy, gravelly clay. 

6.00-6.38 CPT 50/225 7,9/14,16,206.00 DRY
6.00 D21

Complete at 6.00m

Chiselling from 1.40m to 1.80m for 1.00 hour. Chiselling from 4.60m to 4.90m for 0.75 hours. Water added from 1.20m. Excavating from 0.00m to 
1.20m for 1.00 hour. 
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Figure No.

1:50 GP

40274.BH03

150mm to 5.50m

Warren Hall Site - Broughton

Welsh Assembly Government

Opus International Consultants (UK) Ltd

BH03

40274

18/01/2008

Produced by the GEOtechnical DAtabase SYstem (GEODASY) (C) all rights reserved

Boring Method Casing Diameter

Borehole

Casing
Depth

(m)

Water
Depth

(m)

Cable Percussion

1

1

(0.30)

  0.30

TOPSOIL (driller's description).

0.30 J1
0.30-1.20 B2

1.20-1.65 U3 0.45 1.20 DRY 32 blows

(1.40)

  1.70

Firm, orange brown, occasional mottled orange, 
brown, grey, sandy, slightly gravelly CLAY.  Gravel 
is subrounded to subangular, fine of sandstone.

1.70 D4

2.00-2.45 SPT N=10 2,2/2,3,2,31.70 DRY
2.00-2.45 D6
2.00-2.45 B5

(1.10)

  2.80

Firm, red brown, sandy, gravelly CLAY.  Gravel is 
rounded to subangular, fine and medium including 
sandstone, siltstone and quartz. 

3.00-3.45 U7 0.45 3.00 DRY 100 blows

3.50 D8

Below 4.00m: slightly gravelly.4.00-4.45 SPT N=28 4,5/6,6,6,104.00 DRY
4.00-4.45 D10
4.00-4.45 B9

(1.70)

  4.50

Stiff, red brown, sandy, gravelly CLAY.  Gravel is 
rounded to subangular, fine and medium including 
sandstone, siltstone and quartz.

5.00 D11

Water strike(1) at 
5.40m, rose to 
4.60m in 20 mins.

5.50-5.82 CPT 50/165 9,14/20,22,85.50 4.60

5.50-5.95 B12

(1.50)

  6.00

Blue grey MUDSTONE, recovered as stiff, friable, 
sandy, gravelly clay.  

Complete at 6.00m

Chiselling from 5.70m to 6.00m for 1.00 hour. Excavating from 0.00m to 1.20m for 1.00 hour. 
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Figure No.

1:50 MV

40274.BH04

150mm to 4.00m

Warren Hall Site - Broughton

Welsh Assembly Government

Opus International Consultants (UK) Ltd

BH04

40274

16/01/2008

Produced by the GEOtechnical DAtabase SYstem (GEODASY) (C) all rights reserved

Boring Method Casing Diameter

Borehole

Casing
Depth

(m)

Water
Depth

(m)

Cable percussion with rotary 
follow on

1

1

(0.30)

  0.30

TOPSOIL (driller's description).

0.30 J1
0.30-1.20 B2

1.20-1.65 SPT N=20 3,3/3,5,6,61.20 DRY
1.20-1.65 D4

1.20-1.65 B3

(1.10)

  1.40

Firm, dark red brown with grey veining, sandy, gravelly 
CLAY.  Gravel is subangular to subrounded, fine and 
medium including slate, mudstone and coal.

2.00-2.45 SPT N=18 2,3/4,4,5,51.70 DRY
2.00-2.45 D6

2.00-2.45 B5

2.70 W9

(1.60)

  3.00

Medium dense, red grey brown, slightly silty, fine SAND.  
Driller notes bands of sand.

3.00-3.45 SPT N=10 2,2/2,3,2,33.00 DRY
3.00-3.45 D8

3.00-3.45 B7

(0.80)

  3.80

Firm, red brown CLAY with partings of silt.

Water strike(1) at 
3.80m, rose to 
2.70m in 20 mins.

4.00-4.25 SPT 25*/135
50/110

13,12/27,234.00 2.90
4.00-4.25 D11
4.00-4.45 B10

(0.70)

  4.50

Dark blue grey SILTSTONE, recovered as very stiff, 
gravelly clay.

5.00

6.50

83 28 0

Below 7.50m: becoming moderately weak.

(3.50)

  8.00

Weak to very weak, dark grey, moderately weathered 
MUDSTONE, recovered predominately as angular to 
subangular, fine to coarse gravel and cobble sized 
fragments with sections.    Discontinuities where observed 
are inclined approx 20 degrees.  Planar, smooth, slightly 
stepped.  Some soft clay on discontinuity surfaces. 

(3.00)

Moderately weak to weak, dark grey, moderately weak 
MUDSTONE, with some angular too subangular, medium to 
coarse and cobble sized fragments.  Discontinuities are 
sub-horizontal to 20 degrees inclined, planar, smooth to 
stepped smooth.

8.00

67 17 7

NI

Below 8.00m: intact mudstone.

Between 9.50m and 9.65m: soft clay filling.9.50

93 67 33

At 9.50m: some soft clay infilling.

10.00

10

Chiselling from 4.10m to 4.50m for 1.00 hour. Excavating from 0.00m to 1.20m for 1.00 hour. 
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Figure No.

1:50 MV

40274.BH04

150mm to 4.00m

Warren Hall Site - Broughton

Welsh Assembly Government

Opus International Consultants (UK) Ltd

BH04

40274

16/01/2008

Produced by the GEOtechnical DAtabase SYstem (GEODASY) (C) all rights reserved

Borehole

Casing Diameter

TCR SCR RQD FI

Machine :

Flush :

Core Dia: 92

Method : Rotary Open Hole

(3.00)

 11.00

 

11.00

92 42 35

9

Complete at 11.00m
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Figure No.

1:50 GP

40274.BH05

150mm to 1.30m

Warren Hall Site - Broughton

Welsh Assembly Government

Opus International Consultants (UK) Ltd

BH05

40274

15/01/2008

Produced by the GEOtechnical DAtabase SYstem (GEODASY) (C) all rights reserved

Boring Method Casing Diameter

Borehole

Casing
Depth

(m)

Water
Depth

(m)

Cable percussion with rotary 
follow on

0.40 J1

(0.50)

  0.50

Grass over brown, sandy, clayey TOPSOIL (driller's 
description).

0.50-1.20 B2

At 1.30m: recovered as grey, slightly clayey, slightly 
sandy, subangular to subrounded, medium to coarse 
gravel.

(0.80)

  1.30

Grey brown SANDSTONE, recovered as slightly clayey, 
very gravelly sand with some cobbles. 

1.30-1.35 CPT 25*/20
50/25

25/501.30 DRY
1.30-1.35 D3

1.50

(1.70)

  3.00

Moderately strong to strong, light grey brown, fine to 
medium SANDSTONE, recovered as angular to 
subangular, medium to coarse gravel and cobble sized 
fragments.

3.00

47 12 7 NI

Below 3.70m: loose gravel of light grey white siltstone.
(1.50)

  4.50

Light grey red brown, weak to moderately weak, sandy 
SILTSTONE, recovered as angular to subangular, medium 
to coarse gravel and cobble sized fragments with some 
weak to very weak intact short intervals of core.

4.50

87 55 19 NI

(0.25)
  4.75

Moderately weak, dark grey black brown, sandy 
MUDSTONE, recovered as angular to subangular, medium 
to coarse gravel and occasional cobble sized fragments.4.75

NI

6.00

88 70 67
7

(2.31)

  7.06

Strong to moderately strong to moderately weathered, light 
grey, dark grey white, silty, fine SANDSTONE.  
Discontinuities are sub-horizontal axis with planar, rough 
surfaces coated with soft, brown black, silt and some fine 
gravels.

7.06

10

(0.44)

  7.50

Weak to very weak, light grey brown interbedded 
SILTSTONE and MUDSTONE, recovered as angular to 
subangular, medium to coarse gravel, cobbles and 
occasional high weathered short intervals of core.7.50

97 75 55

NI

Complete at 7.50m

Chiselling from 1.10m to 1.30m for 0.50 hours. Excavating from 0.00m to 1.20m for 1.00 hour. 
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Figure No.

1:50 GP

40274.BH06

150mm to 2.20m

Warren Hall Site - Broughton

Welsh Assembly Government

Opus International Consultants (UK) Ltd

BH06

40274

15/01/2008

Produced by the GEOtechnical DAtabase SYstem (GEODASY) (C) all rights reserved

Boring Method Casing Diameter

Borehole

Casing
Depth

(m)

Water
Depth

(m)

Cable percussion with rotary 
follow on

1

(0.20)
  0.20

Grass over brown TOPSOIL (driller's description).

0.20-1.20 B2

0.50 J1
Slight Seepage(1) 
at 0.60m.

1.20-1.65 SPT N=11 1,1/2,3,3,31.20 DRY
1.20-1.65 D4

1.20-1.65 B3

(1.70)

  1.90

Firm, orange red, brown, sandy, slightly gravelly CLAY.  
Gravel is subangular to subrounded, fine and medium 
including sandstone and siltstone.

(0.30)

  2.20

Brown SANDSTONE, recovered as slightly sandy, angular 
to subangular, fine to coarse gravel.

2.20-2.24 CPT 25*/15
50/20

25/502.20 DRY
2.20-2.24 D5

2.50
(0.62)

  2.82

Moderately strong to strong, light brown, fine and medium 
SANDSTONE, recovered as short lengths of intact core 
with some cobble sized, angular to subangular fragments.  
Discontinuities are inclined at 30-40 degrees axis with 
black, silty on discontinuity surfaces.

Below 4.00m: becoming yellow brown, highly 
weathered weak siltstone.

4.00

60 24 0

Below 5.50m: becoming dark yellow grey and 
increasing in sandy content.

5.50

90 18 0

7.00

77 19 14

(4.38)

  7.20

Moderately strong to strong, light to dark grey, very sandy 
SILTSTONE, recovered as angular to subangular, medium 
to coarse gravel and cobbles with some clay infilling.

(0.20)
  7.40

Dark grey/black, weak to moderately weak MUDSTONE, 
recovered as gravel.

(1.10)

  8.50

Moderately strong to strong, dark grey, very sandy 
SILTSTONE.  Discontinuities are inclined 45-40 degrees 
including smooth, steeply inclined fractures of 70 degrees, 
red brown oxide weathering on discontinuity surfaces.

8.50

77 43 43

NI

Complete at 8.50m

Chiselling from 1.90m to 2.20m for 1.00 hour. Excavating from 0.00m to 1.20m for 1.00 hour. 
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Figure No.

1:50 GP

40274.BH07

150mm to 4.00m

Warren Hall Site - Broughton

Welsh Assembly Government

Opus International Consultants (UK) Ltd

BH07

40274

15/01/2008-
16/01/2008

Produced by the GEOtechnical DAtabase SYstem (GEODASY) (C) all rights reserved

Boring Method Casing Diameter

Borehole

Casing
Depth

(m)

Water
Depth

(m)

Cable percussion with rotary 
follow on

1

1

(0.25)
  0.25

Grass over clayey TOPSOIL (driller's description).

0.25-1.20 B1

0.50 J2

1.20-1.65 SPT N=10 1,1/2,2,3,31.20 DRY
1.20-1.65 D4

1.20-1.65 B3

2.00-2.45 U5 0.45 1.50 DRY 70 blows

(2.25)

  2.50

Firm, orange brown, sandy, slightly gravelly CLAY with 
occasional pockets of grey, clayey sand and some rootlets.  
Gravel is subrounded to subangular, fine and medium of 
sandstone.

2.50 D6

3.00-3.45 SPT N=22 1,2/3,4,5,103.00 DRY
3.00-3.45 D8

3.00-3.45 B7

(0.90)

  3.40

Stiff, red brown, sandy, slightly gravelly CLAY.  Gravel is 
subangular to subrounded, fine and medium including 
siltstone, sandstone and coal.

Water strike(1) at 
3.40m, rose to 
2.00m in 20 mins.

3.50 D9
(0.60)

  4.00

Red brown SANDSTONE, recovered as sandy, subangular 
to subrounded, fine to coarse gravel.

4.00-4.04 CPT 25*/20
50/20

25/504.00 3.00
4.00-4.04 D10

5.00

5.40-5.55 C11 

(1.45)

  5.45

Yellow brown black and grey, moderately weak to 
moderately strong, fine, silty SANDSTONE, recovered as 
non intact, angular to subangular, gravel and cobbles sized 
fragments and occasional sections of intact core.

(5.55)

Moderately weak to very weak, highly weathered, dark 
black grey MUDSTONE, recovered as predominately bands 
of clay with angular to subangular, fine to coarse gravel and 
cobble sized fragments with occasional relic laminated 
structures (at 6.50-6.70m).  Discontinuities where observed 
are sub-horizontal.

6.50

40 20 17

8.00

73 0 0

9.50

57 0 0

Chiselling from 3.60m to 4.00m for 1.00 hour. Excavating from 0.00m to 1.20m for 1.00 hour. 

NI
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Figure No.

1:50 GP

40274.BH07

150mm to 4.00m

Warren Hall Site - Broughton

Welsh Assembly Government

Opus International Consultants (UK) Ltd

BH07

40274

15/01/2008-
16/01/2008

Produced by the GEOtechnical DAtabase SYstem (GEODASY) (C) all rights reserved

Borehole

Casing Diameter

TCR SCR RQD FI

Machine :

Flush :

Core Dia: 92

Method : Rotary Open Hole

10.14-10.19 C12 

10.57-10.66 C13 
(5.55)

 11.00

 

11.00

89 0 0

Complete at 11.00m
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Figure No.

1:50 GP

40274.BH08

150mm to 4.00m

Warren Hall Site - Broughton

Welsh Assembly Government

Opus International Consultants (UK) Ltd

BH08

40274

15/01/2008

Produced by the GEOtechnical DAtabase SYstem (GEODASY) (C) all rights reserved

Boring Method Casing Diameter

Borehole

Casing
Depth

(m)

Water
Depth

(m)

Cable percussion with rotary 
follow on

0.00-1.00 B1

0.20 D2

(0.30)

  0.30

Grass over TOPSOIL: Brown, very clayey, slightly gravelly 
SAND with some plant material.  Gravel is subrounded, fine 
including quartz and sandstone.

0.30 D3
0.30 J4

1.20-1.65 SPT N=16 1,2/3,4,4,51.20 DRY
1.20-1.65 B5

1.20-1.65 D6

(1.30)

  1.60

Firm, orange brown, sandy, slightly gravelly CLAY.  Gravel 
is subangular, fine to coarse of siltstone.

1.70 J7
1.70 D8

(0.40)

  2.00

Orange brown, silty, fine and medium SAND.

2.00-2.45 SPT N=13 2,2/3,4,3,31.70 DRY

2.00-2.45 D10

2.00-2.45 B9

2.60 D11
2.60 J12

(0.95)

  2.95

Firm, orange brown, sandy, slightly gravelly CLAY with 
occasional pockets of sand.  Gravel is subangular to 
subrounded, fine to coarse including sandstone and 
siltstone.

2.95 D13
3.00-3.45 SPT N=46 3,8/9,11,14,123.00 WET

3.00-3.45 B14

3.00-3.45 D15 (0.75)

  3.70

Dense, red brown, slightly silty, slightly gravelly, fine and 
medium SAND.  Gravel is subangular to subrounded, fine 
to coarse including sandstone and quartz.

3.70 D16

Below 4.00m: recovered as very stiff, friable, sandy, 
gravelly clay.

4.00-4.39 SPT 50/240 8,9/11,13,19,74.00 DRY
4.00-4.39 D17

(0.75)

  4.45

Dark blue grey MUDSTONE, recovered as very clayey 
sand and angular to subangular, fine and medium gravel.

(7.55)

Weak to very weak, dark grey green, highly weathered 
SILTSTONE, recovered as angular to sub-angular, fine to 
coarse gravel and cobble sized fragments with some 
sections of intact core.  Discontinuities where observed are 
sub-horizontal to core arises, planar and smooth.

6.00

7.00

NI

Below 7.50m: very weak to weak, dark grey green 
siltstone.

7.50

80 25 24

4

9.00

59 50 41 7

Water added from 3.00m. Excavating from 0.00m to 1.20m for 1.00 hour. 

33 3 0 NI
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Figure No.

1:50 GP

40274.BH08

150mm to 4.00m

Warren Hall Site - Broughton

Welsh Assembly Government

Opus International Consultants (UK) Ltd

BH08

40274

15/01/2008

Produced by the GEOtechnical DAtabase SYstem (GEODASY) (C) all rights reserved

Borehole

Casing Diameter

TCR SCR RQD FI

Machine :

Flush :

Core Dia: 92

Method : Rotary Open Hole

10.50

(7.55)

 12.00

 

12.00

65 34 11 NI

Complete at 12.00m
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Figure No.

1:50 GP

40274.BH09

150mm to 3.00m

Warren Hall Site - Broughton

Welsh Assembly Government

Opus International Consultants (UK) Ltd

BH09

40274

16/01/2008

Produced by the GEOtechnical DAtabase SYstem (GEODASY) (C) all rights reserved

Boring Method Casing Diameter

Borehole

Casing
Depth

(m)

Water
Depth

(m)

Cable percussion with rotary 
follow on

(0.20)
  0.20

Grass over brown clayey TOPSOIL (driller's description).

0.20-1.20 B2

0.50 J1

Below 1.20m: firm.1.20-1.65 SPT N=9 1,1/2,2,2,31.20 DRY
1.20-1.65 D4

1.20-1.65 B3

2.00-2.45 U5 0.45 2.00 DRY 70 blows

Below 2.50m: stiff.2.50 D6

3.00-3.22 SPT 50/65 2,4/503.00 DRY
3.00-3.22 B7

3.00-3.45 D8

(3.00)

  3.20

Soft, red brown, sandy, slightly gravelly CLAY.  Gravel is 
subrounded to subangular, fine and medium of sandstone 
and siltstone.  

(0.30)

  3.50

Red brown SANDSTONE, recovered as sandy, subangular 
to angular, fine to coarse gravel.

3.50-3.54 CPT 25*/15
50/20

25/503.00 DRY
3.50-3.54 D9

4.00

(2.25)

  5.75

Moderately strong, red brown, fine to medium 
SANDSTONE, recovered as angular to subangular, 
medium to coarse gravel and cobble sized fragments with 
silt coatings on discontinuity surfaces. 

7.00

60 21 16

(1.75)

  7.50

Moderately strong, red brown, fine to coarse SANDSTONE, 
recovered as angular to subangular, medium to coarse 
gravel and cobble sized fragments with clay coatings of 
discontinuity surfaces. 

8.50

68 34 19

(2.50)

 10.00

Moderately weak to weak, red brown, highly weathered 
SILTSTONE, recovered predominately as angular to 
subangular, medium to coarse gravel and cobbles.

10.00

69 21 7

NI

Chiselling from 3.20m to 3.50m for 1.00 hour. Excavating from 0.00m to 1.20m for 1.00 hour. 
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Figure No.

1:50 MV

40274.BH10

150mm to 4.00m

Warren Hall Site - Broughton

Welsh Assembly Government

Opus International Consultants (UK) Ltd

BH10

40274

14/01/2008-
15/01/2008

Produced by the GEOtechnical DAtabase SYstem (GEODASY) (C) all rights reserved

Boring Method Casing Diameter

Borehole

Casing
Depth

(m)

Water
Depth

(m)

Cable percussion with rotary 
follow on

1

2

1

2

0.00-0.50 B1 (0.10)
  0.10

Gravel over MADE GROUND: Topsoil (driller's 
description).

0.20 D2
0.20 J3
0.50-1.00 B4

Water strike(1) at 
0.60m, rose to 
0.50m in 20 mins, 
sealed at 0.65m.

0.60 D5
0.60 J6

1.20-1.65 U7 0.45 1.20 0.65 28 blows

1.70 D8

(1.90)

  2.00

MADE GROUND: Soft, orange red brown, sandy, 
gravelly CLAY with some cobbles of sandstone 
and some rootlets.  Gravel is subangular to 
subrounded, fine to coarse including sandstone, 
mudstone and coal.

2.00-2.45 SPT N=16 3,3/3,3,5,51.70 WET
2.00 J11

2.00-2.45 D10
2.00-2.45 B9

2.60 D12

3.00-3.45 U13 0.45 3.00 DRY 48 blows

Water strike(2) at 
3.50m, rose to 
3.00m in 20 mins.

3.50 D14
3.50 J15

(2.00)

  4.00

Firm in places stiff, red brown, sandy, gravelly 
CLAY.  Gravel is subangular to subrounded, fine 
to coarse including mudstone and sandstone.

4.00-4.24 SPT 25*/145
50/95

8,17/38,124.00 WET
4.00-4.24 D16

(0.45)

  4.45

Grey SILTSTONE, recovered as angular to 
subangular, fine to coarse gravel.

4.50

5.50

9

6.50

9

6.90

NI

(3.05)

  7.50

Very weak to moderately weak, red grey to light 
blue grey, highly weathered SILTSTONE, 
recovered predominately as intact sections of core 
with occasional intervals of angular to subangular 
fragments of siltstone.  Discontinuities are inclined 
sub-horizontal with surfaces with red brown and 
black weathering.  Recovered discontinuities 
inclined at 30-40 degrees and 11 degrees.

(3.00)

Moderately strong to strong, grey blue, silty 
SANDSTONE.  Discontinuities are sub-horizontal 
and 30-40 degrees.  

7.50

97 75 58

3

Below 8.00m: red brown, fine sandstone.

8.50

8

9.00

3

9.50

NI

Excavating from 0.00m to 1.20m for 1.00 hour. 

92 76 57
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Figure No.

1:50 MV

40274.BH10

150mm to 4.00m

Warren Hall Site - Broughton

Welsh Assembly Government

Opus International Consultants (UK) Ltd

BH10

40274

14/01/2008-
15/01/2008

Produced by the GEOtechnical DAtabase SYstem (GEODASY) (C) all rights reserved

Borehole

Casing Diameter

TCR SCR RQD FI

Machine :

Flush :

Core Dia: 92

Method : Rotary Open Hole

(3.00)

 10.50

 

10.50

7

Complete at 10.50m
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Figure No.

1:50 MV

40274.BH11

150mm to 13.70m

Warren Hall Site - Broughton

Welsh Assembly Government

Opus International Consultants (UK) Ltd

BH11

40274

14/01/2008-
15/01/2008

Produced by the GEOtechnical DAtabase SYstem (GEODASY) (C) all rights reserved

Boring Method Casing Diameter

Borehole

Casing
Depth

(m)

Water
Depth

(m)

Cable Percussion

(0.40)

  0.40

TOPSOIL (driller's description).

0.40 J1
0.40-1.20 B2

1.20-1.65 U3 0.45 1.20 DRY 78 blows

1.70 D4

Below 2.00m: stiff.2.00-2.45 SPT N=33 3,4/6,7,9,111.70 DRY
2.00-2.45 B5
2.00-2.45 D6

(2.50)

  2.90

Firm, orange red brown, slightly sandy, gravelly 
CLAY with some pockets of fine sand..  Gravel is 
subangular to subrounded, fine to medium 
including sandstone and coal.  Occasional rootlets.

3.00-3.45 U7 0.45 3.00 DRY 107 blows

3.50 D8

4.00-4.45 SPT N=39 5,6/8,10,10,114.00 DRY
4.00-4.45 B9
4.00-4.45 D10

(1.50)

  4.40

Stiff, dark red brown, sandy, gravelly CLAY with 
occasional cobbles of sandstone.  Gravel is 
subangular to subrounded, fine and medium 
including sandstone and mudstone.

5.00 D11

5.50-5.95 SPT N=17 3,4/4,4,5,45.50 MOIST
5.50-5.95 B12
5.50-5.95 D13

6.50 D14

7.00-7.45 SPT N=9 2,1/2,2,2,37.00 MOIST
7.00-7.45 D16
7.00-7.45 B15

8.00 D17

8.50-8.95 SPT N=11 1,2/2,2,3,48.50 MOIST
8.50-8.95 B18
8.50-8.95 D19

9.50 D20

(5.40)

  9.80

Medium dense, brown, silty, slightly gravelly 
SAND.  Gravel is subangular to subrounded, fine 
to coarse including sandstone and mudstone.

Stiff, dark grey brown, sandy, gravelly CLAY.  
9.80 D21

Excavating from 0.00m to 1.20m for 1.00 hour. 
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Figure No.

1:50 MV

40274.BH11

150mm to 13.70m

Warren Hall Site - Broughton

Welsh Assembly Government

Opus International Consultants (UK) Ltd

BH11

40274

14/01/2008-
15/01/2008

Produced by the GEOtechnical DAtabase SYstem (GEODASY) (C) all rights reserved

Boring Method Casing Diameter

Borehole

Casing
Depth

(m)

Water
Depth

(m)

Cable Percussion

Gravel is subangular to subrounded, fine to coarse 
of sandstone and mudstone.

10.00-10.45 U22 0.45 10.00 DRY 75 blows

10.50 D23

11.00 D24

Below 11.50m: some partings of silt.11.50-11.95 SPT N=19 3,4/4,5,5,511.50 DRY
11.50-11.95 D26
11.50-11.95 B25

12.50 D27

13.00-13.45 U28 0.45 13.00 DRY 97 blows

13.50 D29

(4.00)

 13.80

 

13.80 D30

14.00-14.16 CPT 25*/120
50/40

9,16/5013.70 DRY

14.00-14.45 B31

(0.40)

 14.20

Stiff, dark grey black, gravelly CLAY.  Gravel is 
subangular to angular, medium to coarse of 
mudstone (possible weathered mudstone).

(0.30)

 14.50
Dark grey black MUDSTONE, recovered as 
angular to subangular, medium to coarse gravel.

Complete at 14.50m

Chiselling from 14.20m to 14.50m for 1.00 hour. 
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Figure No.

1:50 MV

40274.BH12

150mm to 7.50m

Warren Hall Site - Broughton

Welsh Assembly Government

Opus International Consultants (UK) Ltd

BH12

40274

14/01/2008

Produced by the GEOtechnical DAtabase SYstem (GEODASY) (C) all rights reserved

Boring Method Casing Diameter

Borehole

Casing
Depth

(m)

Water
Depth

(m)

Cable Percussion

1

(0.10)
  0.10

Grass over MADE GROUND: topsoil (driller's 
description).0.10-1.20 B2

0.50 J1

1.20-1.65 SPT N=7 1,1/1,2,2,21.20 DRY
1.20-1.65 B3
1.20-1.65 D4

2.00-2.45 U5 0.35 1.50 DRY 55 blows

2.50 D6

Below 3.00m: occasional cobbles of 
sandstone.

3.00-3.45 SPT N=8 1,1/1,2,2,33.00 DRY
3.00-3.45 D8
3.00-3.45 B7

4.00-4.45 U9 0.35 4.00 DRY 70 blows

4.50 D10

5.00-5.45 SPT N=11 1,2/2,3,3,34.50 DRY
5.00-5.45 B11
5.00-5.45 D12

(5.00)

  5.10

MADE GROUND: Firm, dark red brown, sandy, 
gravelly CLAY with some pockets of red brown 
sand.  Gravel is subangular to subrounded, fine 
and medium of sandstone, mudstone and brick 
fragments.  Occasional rootlets.

5.50 D13

(0.50)

  5.60

Firm, dark grey brown, slightly gravelly CLAY with 
pockets of laminated light grey silt.  Gravel 
includes mudstone.

5.60 D14

6.00-6.45 U15 0.45 6.00 DRY 90 blows

Slight seepage(1) 
at 6.50m.

6.50 D16 (1.90)

  7.50

Dark blue grey, thinly laminated MUDSTONE, 
recovered as clayey, angular to subangular, fine to 
coarse gravel.

7.50-7.57 CPT 25*/30
50/35

25/507.50 DRY

7.50-7.57 D17 Complete at 7.50m

Chiselling from 7.20m to 7.50m for 1.00 hour. Excavating from 0.00m to 1.20m for 1.00 hour. 
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Figure No.

1:50 GP

40274.BH13

150mm to 4.00m

Warren Hall Site - Broughton

Welsh Assembly Government

Opus International Consultants (UK) Ltd

BH13

40274

16/01/2008

Produced by the GEOtechnical DAtabase SYstem (GEODASY) (C) all rights reserved

Boring Method Casing Diameter

Borehole

Casing
Depth

(m)

Water
Depth

(m)

Cable Percussion

(0.40)

  0.40

TOPSOIL (driller's description).

0.40 J1
0.40-1.20 B2

(0.80)

  1.20

Firm, orange brown, sandy, slightly gravelly CLAY 
with occasional grey and black horizons.  Gravel is 
subangular to subrounded, fine and medium 
including sandstone and siltstone (possible made 
ground).

1.20-1.65 U3 0.45 1.20 DRY 81 blows

1.70 D4

(0.80)

  2.00

Dark blue grey MUDSTONE with occasional 
nodules of clay, recovered as clayey, slightly 
sandy, angular to subangular, fine and medium 
gravel.

2.00-2.45 SPT N=24 4,5/5,6,6,71.70 DRY
2.00-2.45 D6
2.00-2.45 B5

3.00-3.32 SPT 56/165 6,12/17,23,163.00 DRY
3.00-3.32 D8
3.00-3.45 B7

(1.30)

  3.30

Dark blue grey MUDSTONE, recovered as stiff, 
friable, sandy, slightly gravelly CLAY.  Gravel is 
angular to subangular, fine and medium.

4.00-4.19 CPT 25*/85
50/100

20,5/34,164.00 DRY

4.00-4.45 B9

(1.20)

  4.50

Dark blue grey MUDSTONE, recovered as slightly 
clayey, slightly sandy, angular to subangular, fine 
to coarse gravel.

Complete at 4.50m

Chiselling from 4.10m to 4.50m for 1.00 hour. Excavating from 0.00m to 1.20m for 1.00 hour. 
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Figure No.

1:50 GP

40274.BH14

150mm to 3.00m

Warren Hall Site - Broughton

Welsh Assembly Government

Opus International Consultants (UK) Ltd

BH14

40274

18/01/2008

Produced by the GEOtechnical DAtabase SYstem (GEODASY) (C) all rights reserved

Boring Method Casing Diameter

Borehole

Casing
Depth

(m)

Water
Depth

(m)

Cable Percussion

1

1

(0.20)
  0.20

Grass over brown, clayey TOPSOIL (driller's 
description).

0.20-1.20 B2

0.50 J1

1.20-1.65 SPT N=10 1,2/2,2,3,31.20 DRY
1.20-1.65 D4
1.20-1.65 B3

2.00-2.45 U5 0.45 1.50 DRY 110 blows

(2.30)

  2.50

Firm, red brown, mottled orange brown, grey, 
sandy, slightly gravelly CLAY with some rootlets.  
Gravel is subrounded to subangular, fine and 
medium including sandstone and siltstone.

Water strike(1) at 
2.50m, rose to 
2.25m in 20 mins, 
sealed at 2.70m.

2.50 D6 (0.20)
  2.70

Orange brown SANDSTONE, recovered as sandy, 
angular to subrounded, fine to coarse gravel.

(0.30)

  3.00
Grey, fine grained SANDSTONE, recovered as 
slightly sandy, angular to subangular, fine to 
coarse gravel.

3.00-3.05 CPT 25*/25
50/20

25/503.00 DRY

3.00-3.05 D7
Complete at 3.00m

Chiselling from 2.70m to 3.00m for 1.00 hour. Excavating from 0.00m to 1.20m for 1.00 hour. 
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Figure No.

1:50 GP

40274.BH15

150mm to 4.00m

Warren Hall Site - Broughton

Welsh Assembly Government

Opus International Consultants (UK) Ltd

BH15

40274

17/01/2008

Produced by the GEOtechnical DAtabase SYstem (GEODASY) (C) all rights reserved

Boring Method Casing Diameter

Borehole

Casing
Depth

(m)

Water
Depth

(m)

Cable percussion with rotary 
follow on

1

1

(0.40)

  0.40

TOPSOIL (driller's description).

0.40 J2
0.40-1.20 B1

Between 0.40m and 1.20m: very sandy.1.20-1.65 U3 0.45 1.20 DRY 75 blows

1.70 D4

2.00-2.45 SPT N=32 2,4/4,7,10,111.70 DRY
2.00-2.45 D6

2.00-2.45 B5

(1.70)

  2.10

Firm, orange brown, sandy, slightly gravelly CLAY. 
 Gravel is angular to subrounded, fine and medium 
including sandstone and siltstone.

2.60 W7

(0.90)

  3.00

Blue grey MUDSTONE, recovered as very stiff, 
friable, sandy, gravelly clay.  Gravel is angular to 
subrounded, fine to coarse.

3.00
3.00-3.45 SPT N=50

7,10/12,12,12,143.00-3.45

D9 

3.00-3.45 B8 

Water strike(1) at 
3.30m, rose to 
2.60m in 20 mins.

4.00-4.37 CPT 50/220
11,13/15,17,184.00-4.45

B10 

(1.10)

  4.10

Blue grey brown MUDSTONE, recovered as 
clayey sand and angular to subrounded, fine and 
medium gravel.

(0.40)

  4.50

Grey MUDSTONE, recovered as very stiff, slightly 
sandy, gravelly clay.  Gravel is angular to 
subangular, fine and medium.

4.75

40 12 0

At 5.00m: pocket of soft, black clay.

(0.50)

  5.00

Moderately weak to weak, dark blue grey black 
MUDSTONE, recovered as angular to subangular, 
medium to coarse gravel and occasional cobbles. 

5.87

NI

(1.22)

  6.22

Moderately weak to weak, light grey MUDSTONE.  
Discontinuities are sub-horizontal, planar, smooth 
with soft clay and black staining on surfaces.

6.22

7

6.50

50 37 36

Below 7.50m: becoming dark grey green.7.50

89 69 42

9

8.50

82 53 34 9

Below 8.85m: becoming dark grey brown.

(2.63)

  8.85

Weak to moderately weak, light grey SILTSTONE, 
recovered as angular, medium to coarse 
fragments with intervals of intact core where 
observed discontinuities are sub-horizontal, planar 
and rough.

(0.65)

  9.50

Dark grey brown, weak to moderately weak 
SILTSTONE, recovered as angular to subangular, 
medium to coarse gravel and cobbles with 
occasional short intervals of intact core.  
Discontinuity appear sub-horizontal.9.50

78 30 10 NI

Chiselling from 4.10m to 4.50m for 1.00 hour. Excavating from 0.00m to 1.20m for 1.00 hour. 
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Figure No.

1:50 GP

40274.BH16

150mm to 1.70m

Warren Hall Site - Broughton

Welsh Assembly Government

Opus International Consultants (UK) Ltd

BH16

40274

17/01/2008

Produced by the GEOtechnical DAtabase SYstem (GEODASY) (C) all rights reserved

Boring Method Casing Diameter

Borehole

Casing
Depth

(m)

Water
Depth

(m)

Cable percussion with rotary 
follow on

(0.40)

  0.40

TOPSOIL (driller's description).

0.40 J2
0.40-1.10 B1

1.20-1.65 U3 0.27 1.20 DRY 83 blows

1.70 D4

(1.50)

  1.90

Firm, mottled orange brown grey, sandy, slightly 
gravelly CLAY with some rootlets.  Gravel is 
subangular to subrounded, fine to coarse 
sandstone and siltstone.

2.00-2.21 SPT 50/55 7,12/501.70 DRY
2.00-2.21 D6

2.00-2.45 B5
(0.40)

  2.30

Orange grey SILTSTONE, recovered as stiff, 
sandy, gravelly clay.  Gravel is angular to 
subangular, fine to coarse.

(0.20)
  2.50 Grey SILTSTONE, recovered as sandy, angular to 

subangular, fine to coarse gravel.2.60 (0.30)

  2.80
Weak to very weak, red yellow brown, mottled 
grey blue SILTSTONE, recovered as subangular 
to subrounded, medium to coarse gravels and 
limited intervals of very weak, highly weathered 
core.  Discontinuities are sub-horizontal core 
arises with heavy, brown staining on surfaces, 
brown hydrated oxides of FC.3.60

54 0.43 20 8

Below 4.60m: light grey blue with staining.4.60

75 75 56 8

Below 2.80m: becoming more sandy.

5.60

92 74 55 8

(3.20)

  6.00

Moderately weak to weak, yellow orange brown, 
sandy SILTSTONE, recovered as intervals of 
intact core, discontinuities are sub-horizontal to 
core arises, underlying rough with strong 
weathered stains from re oxides on discontinuity 
surfaces.

(0.40)

  6.40

Moderately strong, moderately weathered 
BRECCIA.

6.40

100 49 13 NI

6.60
50 0 0 (0.40)

  6.80

Weak, black COAL interlaminated with 
MUDSTONE.

6.80
100 0 0

NI

7.10

67 67 67

(0.65)

  7.45

Moderately strong, moderately weathered 
BRECCIA.

7.60

70 36 36

(1.15)

  8.60

Weak to very weak, light grey brown SILTSTONE, 
recovered as angular to subangular, medium to 
coarse and occasional intervals of highly 
weathered core.

8.60

70 23 10

NI

Complete at 8.60m

Chiselling from 2.30m to 2.50m for 1.00 hour. Excavating from 0.00m to 1.20m for 1.00 hour. 
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Boring Method Casing Diameter

Borehole

Casing
Depth

(m)

Water
Depth

(m)

Cable percussion with rotary 
follow on

1

1

0.20 D1
(0.40)

  0.40

Grass over TOPSOIL: Brown, clayey, slightly 
gravelly SAND with occasional plant material.  
Gravel is subrounded, fine and medium of 
sandstone.0.40-1.20 B3

0.50 J2

Below 1.20m: occasional pockets of very 
clayey, slightly gravelly sand.  Gravel is 
subangular to subrounded, fine and medium 
of sandstone.

1.20-1.65 SPT N=9 1,1/2,2,2,31.20 DRY
1.20-1.65 B4
1.20-1.65 D5

(1.60)

  2.00

Firm, orange brown, occasional mottled orange 
brown and grey, sandy CLAY with occasional plant 
material.

2.00-2.45 SPT N=7 1,1/1,2,2,22.00 MOIST
2.00 D6
2.00-2.45 B7
2.00-2.45 D8 Water strike(1) at 

2.40m, rose to 
2.10m in 20 mins, 
sealed at 8.50m.

At 2.50m: occasional pockets of very soft, 
sandy clay.

At 3.00m: slightly silty, fine to coarse sand.3.00-3.45 SPT N=9 1,1/2,2,2,33.00 2.40
3.00-3.45 B9
3.00-3.45 D10

4.00-4.45 SPT N=10 1,1/2,2,3,34.00 3.00
4.00-4.45 B11
4.00-4.45 D12

5.00-5.45 SPT N=8 1,1/2,2,2,25.00 3.50
5.00-5.45 D14
5.00-5.45 B13

6.00-6.45 SPT N=7 1,1/2,1,2,26.00 3.50
6.00-6.45 D16
6.00-6.45 B15

7.50-7.95 SPT N=17 1,3/3,4,5,57.50 4.00
7.50-7.95 B17
7.50-7.95 D18

(5.80)

  7.80

Loose, brown, silty, slightly gravelly SAND.  Gravel 
is subangular to subrounded, fine to coarse 
including siltstone and sandstone.

(3.40)

Stiff, brown, sandy, slightly gravelly CLAY.  Gravel 
is subrounded to subangular, fine and medium 
including sandstone and siltstone.

8.00 D19

9.00-9.45 U20 0.45 9.00 DRY 75 blows

9.50 D21

Excavating from 0.00m to 1.20m for 1.00 hour. 
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Boring Method Casing Diameter

Borehole

Casing
Depth

(m)

Water
Depth

(m)

Cable percussion with rotary 
follow on

10.50-10.95 SPT N=28 3,4/5,7,8,810.50 DRY
10.50-10.95 B22

10.50-10.95 D23

11.00

(3.40)

 11.20

 

11.20 D24 

11.90

NI

12.00-12.44 SPT 50/290
5,7/9,12,15,1412.00-12.44

D26 
12.00-12.45 B25 

(1.60)

 12.80

Blue grey MUDSTONE, recovered as very stiff, 
friable, sandy, gravelly clay.  Gravel is angular to 
subangular, fine and medium.

12.80

83 23 0

12.80 D27 

(0.70)

 13.50

Blue grey MUDSTONE, recovered as slightly 
clayey, slightly sandy, angular to subangular, fine 
to coarse gravel.

13.50-13.58 CPT 25*/35
50/40

25/5013.50-13.58

D28 (0.50)

 14.00

Red blue grey, moderately weak to very weak, 
highly weathered SILTSTONE with some intervals 
of angular to subangular, medium to coarse 
gravels.  Discontinuities are inclined at 25-30 
degrees, planar to moderately rough.14.00

76 57 41

15

15.50

96 74 67

(2.00)

 16.00

Moderately strong to strong, dark red brown, 
moderately weathered, silty SANDSTONE with 
occasional bands of soft, red brown clay at 
14.90m.  Discontinuities are inclined 20 degrees, 
rough, planar and infilled/coated with soft clay.

16.00

13.5

(0.47)

 16.47

Moderately weak to very weak, dark red, highly 
weathered SILTSTONE.

16.47

NI

(0.53)

 17.00

Moderately strong to strong, grey red brown, silty 
SANDSTONE.  Discontinuities inclined at 30 
degrees with soft clay on surfaces.

17.00

83 61 49

3

Complete at 17.00m

Chiselling from 13.10m to 13.50m for 1.00 hour. 
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Excavation Method Dimensions

Water
Depth
(m)

Field Records

Drive-in Window Sampler

0.00 D1 (0.20)
  0.20

Grass over TOPSOIL (driller's description).

0.50 D2

1.00 D3

(1.10)

  1.30

Red brown, very clayey SAND with pockets of light grey silt.

1.50 D4
(0.30)

  1.60

Stiff, red brown, gravelly CLAY with partings of light grey 
blue silt.  Gravel is angular to subangular, fine and medium 
including mudstone.

2.00 D5 (1.00)

  2.60

Dark red grey brown, very silty SAND.

2.70 D6
(0.20)
  2.80

Firm, red brown, sandy CLAY with partings of grey silt and 
occasional fine gravel of coal.

3.00 D7

4.00 D8

Below 4.50m: very clayey.4.50 D9

(2.20)

  5.00

Red brown, clayey, fine SAND (wet).

5.00 D10

Complete at 5.00m

Excavating from 0.00m to 1.00m for 1.00 hour. 
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Excavation Method Dimensions

Water
Depth
(m)

Field Records

Drive-in Window Sampler

0.20 D1

(0.30)

  0.30

Soft, dark brown, clayey, sandy TOPSOIL with rootlets.

0.50 J2

0.70 D3

(0.70)

  1.00

Soft, dark brown, sandy CLAY.

Water level at ground level during drilling.

1.00 D4

Window sample hole terminated at 5.80m due to obstruction.

1.80-2.00 D5

(1.00)

  2.00

Firm, red brown, sandy CLAY with bands of silt.  
Occasional rootlets.

2.50 D6

At 3.00m: very clayey.3.00 D7
3.10-3.30 D8

(1.50)

  3.50

Dark grey brown, clayey, fine SAND with occasional fine 
gravel of coal.

3.80-4.00 D9

5.00 D10

At 5.80m: veined grey.

(2.30)

  5.80

Firm, red brown, gravelly CLAY.  Gravel is subangular to 
angular, fine and medium including mudstone and siltstone.

5.80 D11

Complete at 5.80m

Excavating from 0.00m to 1.00m for 1.00 hour. 
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Excavation Method Dimensions

Water
Depth
(m)

Field Records

Drive-in Window Sampler

0.20 D1

(0.30)

  0.30

Soft, dark brown, clayey, sandy TOPSOIL with rootlets.

0.70 D2

(0.70)

  1.00

Soft, brown, sandy, gravelly CLAY.  Gravel is subangular to 
angular, medium to coarse including sandstone and 
siltstone.

Complete at 3.00m

Excavating from 0.00m to 1.20m for 1.00 hour. 

1/1



Location

Ground Level (mOD)

Dates

Site

Client

Engineer

Number

Job
Number

Sheet

W
a
te

r

LegendDescription
Depth

(m)
(Thickness)

Depth
(m)

Level
(mOD)Sample / Tests

Remarks Scale
(approx)

Logged
By

Figure No.

1:50 MV

40274.WS04

Warren Hall Site - Broughton

Welsh Assembly Government

Opus International Consultants (UK) Ltd

WS04

40274

18/01/2008

Produced by the GEOtechnical DAtabase SYstem (GEODASY) (C) all rights reserved

Excavation Method Dimensions

Water
Depth
(m)

Field Records

Drive-in Window Sampler

0.20 J2

(0.30)

  0.30

Grass over brown, clayey, sandy, slightly gravelly 
TOPSOIL.  Gravel is subangular to subrounded, fine and 
medium of sandstone.

0.20 D1
0.30 J4
0.30 D3

Below 0.60m: mottled red brown grey, slightly sandy.

1.30 J6
1.30 D5

(1.30)

  1.60

Firm, mottled orange grey brown, sandy, slightly gravelly 
CLAY.  Gravel is subangular to rounded, fine and medium 
including sandstone, siltstone and quartz.

1.60 D7
(0.40)

  2.00

Orange brown, very clayey SAND.

2.30 D8 (0.70)

  2.70

Red brown, slightly clayey SAND.

2.80 D9

(0.70)

  3.40

Soft, dark brown, slightly sandy CLAY.

3.50 D10

4.00 D11
Below 4.10m: dark grey blue.

4.30 D12

(1.30)

  4.70

Firm, light grey blue, mottled red orange brown, slightly 
sandy, gravelly CLAY with pockets of silt.  Gravel is 
subangular to angular, fine and medium of siltstone.

4.70-4.80 D13 (0.30)

  5.00

Yellow brown, mottled blue grey SILTSTONE, highly 
weathered, recovered as stiff, slightly gravelly clay.

Complete at 5.00m

Excavating from 0.00m to 1.00m for 1.00 hour. 
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Excavation Method Dimensions

Water
Depth
(m)

Field Records

Drive-in Window Sampler

0.20 D1

(0.30)

  0.30

Grass over soft, dark brown, clayey, sandy TOPSOIL with 
rootlets.

0.50 J2

0.70 D3

(0.70)

  1.00

Soft, brown, sandy CLAY.

Water lever at ground lever during drilling.

1.00-1.20 D4 (0.20)
  1.20

Soft, light blue grey brown, sandy, gravelly CLAY with some 
plant material.  Gravel is subangular to angular, fine to 
coarse of sandstone.

1.50-1.60 D5

At 2.00m: with pockets of dark grey blue silt and some 
plant material.

2.00 D6

Below 2.50m: slightly gravelly, angular to subrounded, 
fine to coarse of weathered siltstone. 

2.50 D7

3.00 D8

3.50 D9

3.80-3.90 D10

(2.70)

  3.90

Firm, light blue grey, mottled red yellow brown CLAY with 
partings and fissures of light blue silt.

(0.10)
  4.00

Blue grey MUDSTONE, highly weathered, recovered as 
angular to subangular, medium to coarse gravel.

Complete at 4.00m

Excavating from 0.00m to 1.00m for 100 hours. 
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Excavation Method Dimensions

Water
Depth
(m)

Field Records

Drive-in Window Sampler

0.20 D1

(0.30)

  0.30

Soft, dark brown, clayey, sandy TOPSOIL with rootlets.

0.70 D2

(0.70)

  1.00

Soft, brown, sandy, gravelly CLAY.  Gravel is subangular to 
angular, fine to coarse including sandstone and siltstone.

(0.20)
  1.20

Stiff, red brown, sandy CLAY with thin partings and veins of 
dark blue grey silt and occasional fine gravel of coal.

1.50 D3

2.00 D4

Below 2.50m: dark grey brown.2.50 D5

(1.60)

  2.80

Stiff, red brown, slightly sandy, gravelly CLAY with partings 
and pockets of grey silt.  Gravel is subangular to rounded, 
fine to coarse including sandstone and quartz.

2.80 D6
(0.00)
  2.80

Dark grey black SILTSTONE, recovered as stiff, sandy, 
gravelly clay with partings and pockets of orange yellow 
brown silt.  Gravel is subangular to angular, medium to 
coarse.

Complete at 2.90m

Excavating from 0.00m to 1.00m for 1.00 hour. 
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Excavation Method Dimensions

Water
Depth
(m)

Field Records

Drive-in Window Sampler

(0.30)

  0.30

Soft, dark brown, clayey, sandy TOPSOIL with rootlets.

0.50 J1 (0.70)

  1.00

Soft, dark sandy, slightly gravelly CLAY.  Gravel is 
subangular to subrounded, fine to coarse including 
sandstone and siltstone.

Water level at 0.70m during drilling.
Window sample terminated at 2.90m due to obstruction.

1.50 D2

2.00 D3

2.50 D4

Below 2.75m: stiff.2.75 D5

(1.90)

  2.90

MADE GROUND: Firm, dark red brown, mottled grey, 
sandy, gravelly CLAY with bands of silt.  Gravel is angular 
to subangular, fine to coarse including sandstone, 
mudstone, siltstone and some coal.

Complete at 2.90m

Excavating from 0.00m to 1.00m for 1.00 hour. 
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Excavation Method Dimensions

Water
Depth
(m)

Field Records

Drive-in Window Sampler

0.20 D1

(0.30)

  0.30

Soft, dark brown, clayey, sandy TOPSOIL with rootlets.

0.50 J2

0.70 D3

(0.70)

  1.00

Soft, brown, sandy, slightly gravelly CLAY.  Gravel is 
subangular to subrounded, fine to coarse including 
sandstone and siltstone.

Water level at 0.30m during drilling.

1.00-1.10 D4

1.40-1.50 D5

2.00 D6

Below 2.50m: sandy clay with partings of silt.2.50 D7

(2.00)

  3.00

Firm, grey brown, sandy, gravelly CLAY with some bands of 
silt and some cobbles of sandstone.  Gravel is subangular 
to subrounded, medium to coarse including sandstone and 
mudstone.

3.00 D8

below 3.50m: with bands of clay.3.50-3.60 D9
(1.00)

  4.00

Red brown, slightly clayey, fine SAND.

4.00 D10

(1.00)

  5.00

Stiff, red brown, gravelly CLAY.  Gravel is subangular, 
medium to coarse of mudstone.

5.00 D11

Complete at 5.00m

Excavating from 0.00m to 1.00m for 1.00 hour. 
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Excavation Method Dimensions

Water
Depth
(m)

Field Records

Drive-in Window Sampler

0.20 D1

(0.30)

  0.30

Soft, dark brown, clayey, sandy TOPSOIL with rootlets.

0.50 J2

0.70 D3

(0.70)

  1.00

Soft, brown, sandy, slightly gravelly CLAY.  Gravel is 
subangular to subrounded, fine to coarse including 
sandstone and siltstone.

At 1.00m: occasional rootlets.

Water level at ground level during drilling.

1.00 D4

1.50 D5

2.00 D6

2.50 D7

(2.00)

  3.00

Firm, dark red brown, sandy, gravelly CLAY with partings 

light blue grey silt.  Gravel is angular to subangular, fine 
and medium of sandstone and coal.

3.00 D8
(0.30)

  3.30

Weathered SANDSTONE (driller's description).

Complete at 3.30m

Excavating from 0.00m to 1.00m for 1.00 hour. 
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Excavation Method Dimensions

Water
Depth
(m)

Field Records

Drive-in Window Sampler

0.20 D1

(0.30)

  0.30

MADE GROUND: Soft, dark brown, clayey, sandy 
TOPSOIL with rootlets.

0.50 J2

0.70 D3

(0.70)

  1.00

MADE GROUND: Soft, brown, sandy, slightly gravelly 
CLAY.  Gravel is subangular to subrounded, fine to coarse 
including sandstone and siltstone.

Water level at ground level during drilling.

1.00 D4 (0.20)
  1.20

MADE GROUND: Brown, sandy, gravelly SILT with 
occasional pockets of clay.  Gravel is angular to 
subrounded, fine to coarse including sandstone and 
mudstone.

1.50 D5

2.20 D6

(1.30)

  2.50

MADE GROUND: Firm, mottled grey brown, slightly sandy, 
gravelly CLAY with occasional pockets of silt and some 
lenses of fine sand.  Gravel is subangular to subrounded, 
fine to coarse including mudstone, siltstone, sandstone and 
brick.

2.70 D7
(0.50)

  3.00

MADE GROUND: Stiff, orange brown, sandy, slightly 
gravelly CLAY.  Gravel is angular to subrounded, fine and 
medium including sandstone, mudstone, siltstone and coal.

3.20 D8

3.70 D9

4.50 D10

5.20 D11

5.70 D12

(3.00)

  6.00

MADE GROUND: Firm, mottled grey brown, very sandy, 
slightly gravelly CLAY with some plant material.  Gravel is 
subangular to subrounded, fine to coarse including 
sandstone and mudstone.  Organic odour noted.  Driller 
noted saturated bands of sand.

Complete at 6.00m

Excavating from 0.00m to 1.00m for 1.00 hour. 
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Excavation Method Dimensions

Water
Depth
(m)

Field Records

Drive-in Window Sampler

0.20 D1

(0.30)

  0.30

MADE GROUND: Soft, dark brown, clayey, sandy 
TOPSOIL with rootlets.

0.50 J2

0.70 D3

(0.70)

  1.00

MADE GROUND: Soft, brown, sandy, slightly gravelly 
CLAY.  Gravel is subangular to angular, medium to coarse 
including sandstone and siltstone.

Water level at 0.50m during drilling.

1.00-1.10 D4

Window sample hole terminated at 2.80m due to obstruction.

1.50-1.60 D5
(1.00)

  2.00

MADE GROUND: Firm, dark red brown, grey brown, 
gravelly CLAY with partings of silt.  Gravel is subangular to 
subrounded, fine to coarse including mudstone and 
sandstone.

Complete at 2.80m

Excavating from 0.00m to 1.00m for 1.00 hour. 
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Excavation Method Dimensions

Water
Depth
(m)

Field Records

Drive-in Window Sampler

0.20 D1

(0.30)

  0.30

MADE GROUND: Soft, dark brown, clayey, sandy 
TOPSOIL with rootlets.

0.50 J2

Below 0.70m: with some cobbles.0.70 D3

(0.70)

  1.00

MADE GROUND: Soft, brown, sandy, slightly gravelly 
CLAY.  Gravel is angular, medium to coarse including 
sandstone and siltstone.

Water level at 0.30m during drilling.

1.00 D4

Window sample hole terminated at 2.40m due to obstruction (possible boulders).

(0.50)

  1.50

MADE GROUND: Soft, dark grey brown, sandy, gravelly 
CLAY with partings of dark grey silt.  Gravel is subangular 
to subrounded, medium to coarse including sandstone and 
fragments of brick.

1.50 D5

2.00 D6
(0.90)

  2.40

Firm becoming stiff, dark red brown, veined grey, sandy, 
gravelly CLAY.  Gravel is subangular to subrounded, 
medium to coarse including sandstone.  Occasional rootlets.

2.40 D7

Complete at 2.40m

Excavating from 0.00m to 1.00m for 1.00 hour. 
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Excavation Method Dimensions

Water
Depth
(m)

Field Records

Drive-in Window Sampler

0.20 D1

(0.30)

  0.30

MADE GROUND: Soft, dark brown, clayey, sandy 
TOPSOIL with rootlets.

0.50 J2

0.70 D3

(0.70)

  1.00

MADE GROUND: Soft, brown, sandy, gravelly CLAY.  
Gravel is subangular to angular, medium to coarse 
including sandstone and siltstone.

Water level at 0.50m during drilling.

1.00-1.10 D4

Window sample hole terminated at 3.70m due to obstruction (possible rockhead).

1.50-1.60 D5

1.80 D6

2.30 D7

2.80 D8

3.30 D10
3.30 D9

(2.40)

  3.40

MADE GROUND: Stiff, dark red brown, sandy, gravelly 
CLAY with thin partings and laminations of grey silt.  Gravel 
is angular to subangular, fine to coarse including sandstone 
and coal.

(0.30)

  3.70

Stiff, grey red brown CLAY (possible weathered sandstone).

3.70 D11

Complete at 3.70m

Excavating from 0.00m to 1.00m for 1.00 hour. 
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Excavation Method Dimensions

Water
Depth
(m)

Field Records

Drive-in Window Sampler

0.20 D1

(0.30)

  0.30

Soft, dark brown, clayey, sandy TOPSOIL with rootlets.

0.70 D2

(0.70)

  1.00

Soft, brown, sandy, slightly gravelly CLAY.  Gravel is 
subangular to angular, medium to coarse including 
sandstone and siltstone.

Complete at 2.40m

Excavating from 0.00m to 1.20m for 1.00 hour. 
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Excavation Method Dimensions

Water
Depth
(m)

Field Records

Drive-in Window Sampler

(0.30)

  0.30

Grass over MADE GROUND: Topsoil (driller's description).

0.50 J1
0.50 D2

Window sample hole terminated at 3.90m due to obstruction.

1.00 D3

1.50 D4

(1.70)

  2.00

MADE GROUND: Firm, red grey brown, sandy, gravelly 
CLAY with occasional cobbles of sandstone and bands of 
light grey silt.  Gravel is subangular to angular, medium to 
coarse including sandstone and fragments of brick and 
coal.  Occasional rootlets.

2.00 D5

At 3.00m: organic odour noted.3.00 D6
(1.90)

  3.90

MADE GROUND: Firm, red grey brown, sandy, gravelly 
CLAY with bands of light grey silt.  Gravel is angular to 
subangular, fine to coarse including sandstone and coal.

3.90 D7

Complete at 3.90m

Excavating from 0.00m to 1.00m for 1.00 hour. 
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Excavation Method Dimensions

Water
Depth
(m)

Field Records

Drive-in Window Sampler

0.30 J2
0.30 D1

0.80 D3

(1.00)

  1.00

Grass over MADE GROUND: Stiff, dark grey red brown, 
sandy, gravelly  CLAY with pockets and partings of dark 
grey silt.  Gravel is angular to subangular, fine to coarse 
including mudstone, quartz, coal and brick.

Window sample hole terminated at 2.50m due to obstruction (possible rockhead).

1.00 D4 (0.20)
  1.20

Red orange brown, very clayey, gravelly SAND.  Gravel is 
subangular to angular, fine and medium of sandstone.

1.50 D5
1.60 D6

Below 1.50m: soft.

(1.00)

  2.20

Firm, red brown, sandy, gravelly CLAY.  Gravel is 
subangular to angular, fine and medium including 
sandstone and siltstone.

(0.30)

  2.50

Light grey, red brown SILTSTONE. 

2.50 D7

Complete at 2.50m

Excavating from 0.00m to 1.00m for 1.00 hour. 
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Excavation Method Dimensions

Water
Depth
(m)

Field Records

Drive-in Window Sampler

0.20 D1

(0.30)

  0.30

Grass over soft, dark brown, clayey, sandy TOPSOIL with 
rootlets.

0.70 D2

(0.70)

  1.00

Soft, brown, sandy, slightly gravelly CLAY.  Gravel is 
subangular to subrounded, fine to coarse including 
sandstone and siltstone.

Window sample hole terminated at 2.40m due to obstruction.

1.00 D3

1.30 J4

1.50 D5
(1.00)

  2.00

Stiff, dark red brown, sandy, gravelly CLAY with partings of 
light grey silt.  Gravel is subrounded to rounded, fine to 
coarse including siltstone and coal.

2.00 D6
(0.40)

  2.40

Dark grey to black SILTSTONE, recovered as stiff, sandy, 
gravelly clay.

2.40 D7

Complete at 2.40m

Excavating from 0.00m to 1.00m for 1.00 hour. 
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Excavation Method Dimensions

Water
Depth
(m)

Field Records

Drive-in Window Sampler

0.20 D1

(0.30)

  0.30

Soft, dark brown, clayey, sandy TOPSOIL with rootlets.

0.70 D2

(0.70)

  1.00

Soft, brown, sandy CLAY.

Complete at 2.00m

Excavating from 0.00m to 1.20m for 1.00 hour. 
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Probe
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Dynamic Probe

17/01/2008

Warren Hall Site - Broughton

Welsh Assembly Government
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40274

1:40 n/a

40274.DP01

0.00-0.10 0
0.10-0.20 0
0.20-0.30 0
0.30-0.40 0
0.40-0.50 1
0.50-0.60 1
0.60-0.70 2
0.70-0.80 2
0.80-0.90 2
0.90-1.00 2
1.00-1.10 1
1.10-1.20 0
1.20-1.30 1
1.30-1.40 0
1.40-1.50 1
1.50-1.60 1
1.60-1.70 1
1.70-1.80 1
1.80-1.90 1
1.90-2.00 1
2.00-2.10 4
2.10-2.20 4
2.20-2.30 5
2.30-2.40 4
2.40-2.50 5
2.50-2.60 5
2.60-2.70 3
2.70-2.80 2
2.80-2.90 4
2.90-3.00 3
3.00-3.10 1
3.10-3.20 4
3.20-3.30 5
3.30-3.40 10
3.40-3.50 4
3.50-3.60 4
3.60-3.70 12
3.70-3.80 12
3.80-3.90 10
3.90-4.00 9
4.00-4.10 3
4.10-4.20 2
4.20-4.30 2
4.30-4.40 3
4.40-4.50 3
4.50-4.60 4
4.60-4.70 7
4.70-4.80 6
4.80-4.90 11
4.90-5.00 16
5.00-5.10 14
5.10-5.20 11
5.20-5.30 11
5.30-5.40 9
5.40-5.50 19
5.50-5.60 25
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Dynamic Probe
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Warren Hall Site - Broughton

Welsh Assembly Government
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40274

1:40 n/a

40274.DP02

0.00-0.10 1
0.10-0.20 1
0.20-0.30 1
0.30-0.40 1
0.40-0.50 0
0.50-0.60 1
0.60-0.70 0
0.70-0.80 1
0.80-0.90 0
0.90-1.00 1
1.00-1.10 1
1.10-1.20 0
1.20-1.30 1
1.30-1.40 0
1.40-1.50 1
1.50-1.60 0
1.60-1.70 0
1.70-1.80 1
1.80-1.90 0
1.90-2.00 1
2.00-2.10 1
2.10-2.20 0
2.20-2.30 1
2.30-2.40 1
2.40-2.50 1
2.50-2.60 2
2.60-2.70 3
2.70-2.80 3
2.80-2.90 2
2.90-3.00 1
3.00-3.10 1
3.10-3.20 1
3.20-3.30 1
3.30-3.40 1
3.40-3.50 1
3.50-3.60 1
3.60-3.70 1
3.70-3.80 1
3.80-3.90 1
3.90-4.00 1
4.00-4.10 2
4.10-4.20 4
4.20-4.30 3
4.30-4.40 2
4.40-4.50 2
4.50-4.60 2
4.60-4.70 4
4.70-4.80 5
4.80-4.90 4
4.90-5.00 3
5.00-5.10 3
5.10-5.20 3
5.20-5.30 4
5.30-5.40 4
5.40-5.50 5
5.50-5.60 4
5.60-5.70 5
5.70-5.80 8
5.80-5.90 10
5.90-6.00 21
6.00-6.10 28
6.10-6.20 40
6.20-6.22 50
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0.00-0.10 0
0.10-0.20 0
0.20-0.30 0
0.30-0.40 0
0.40-0.50 1
0.50-0.60 2
0.60-0.70 1
0.70-0.80 1
0.80-0.90 1
0.90-1.00 1
1.00-1.10 1
1.10-1.20 0
1.20-1.30 0
1.30-1.40 0
1.40-1.50 0
1.50-1.60 1
1.60-1.70 0
1.70-1.80 1
1.80-1.90 0
1.90-2.00 0
2.00-2.10 1
2.10-2.20 1
2.20-2.30 0
2.30-2.40 1
2.40-2.50 1
2.50-2.60 1
2.60-2.70 2
2.70-2.80 2
2.80-2.90 1
2.90-3.00 2
3.00-3.10 4
3.10-3.20 3
3.20-3.30 3
3.30-3.40 4
3.40-3.50 7
3.50-3.60 12
3.60-3.70 10
3.70-3.80 11
3.80-3.90 12
3.90-4.00 11
4.00-4.10 12
4.10-4.20 5
4.20-4.30 16
4.30-4.40 18
4.40-4.50 24
4.50-4.60 21
4.60-4.70 19
4.70-4.80 13
4.80-4.90 8
4.90-5.00 8
5.00-5.10 8
5.10-5.20 8
5.20-5.30 8
5.30-5.40 7
5.40-5.50 7
5.50-5.60 6
5.60-5.70 6
5.70-5.80 8
5.80-5.90 7
5.90-6.00 7
6.00-6.10 7
6.10-6.20 8
6.20-6.30 9
6.30-6.40 11
6.40-6.50 13
6.50-6.60 12
6.60-6.70 12
6.70-6.80 12
6.80-6.90 11
6.90-7.00 19
7.00-7.10 11
7.10-7.20 11
7.20-7.30 13
7.30-7.40 20
7.40-7.50 23
7.50-7.60 25
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0.00-0.10 0
0.10-0.20 1
0.20-0.30 1
0.30-0.40 1
0.40-0.50 1
0.50-0.60 1
0.60-0.70 1
0.70-0.80 1
0.80-0.90 1
0.90-1.00 2
1.00-1.10 3
1.10-1.20 2
1.20-1.30 3
1.30-1.40 2
1.40-1.50 2
1.50-1.60 3
1.60-1.70 2
1.70-1.80 2
1.80-1.90 2
1.90-2.00 2
2.00-2.10 3
2.10-2.20 2
2.20-2.30 1
2.30-2.40 2
2.40-2.50 1
2.50-2.60 1
2.60-2.70 1
2.70-2.80 1
2.80-2.90 1
2.90-3.00 1
3.00-3.10 3
3.10-3.20 2
3.20-3.30 2
3.30-3.40 2
3.40-3.50 3
3.50-3.60 3
3.60-3.70 2
3.70-3.80 3
3.80-3.90 3
3.90-4.00 3
4.00-4.10 7
4.10-4.20 6
4.20-4.30 6
4.30-4.40 6
4.40-4.50 7
4.50-4.60 8
4.60-4.70 7
4.70-4.80 8
4.80-4.90 9
4.90-5.00 9
5.00-5.10 10
5.10-5.20 10
5.20-5.30 10
5.30-5.40 10
5.40-5.50 14
5.50-5.60 18
5.60-5.70 18
5.70-5.80 21
5.80-5.90 17
5.90-6.00 22
6.00-6.10 25
6.10-6.20 29
6.20-6.30 33
6.30-6.36 50
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0.90-1.00 1
1.00-1.10 2
1.10-1.20 2
1.20-1.30 2
1.30-1.40 2
1.40-1.50 2
1.50-1.60 2
1.60-1.70 2
1.70-1.80 3
1.80-1.90 3
1.90-2.00 3
2.00-2.10 4
2.10-2.20 4
2.20-2.30 4
2.30-2.40 3
2.40-2.50 6
2.50-2.60 6
2.60-2.70 5
2.70-2.80 5
2.80-2.90 6
2.90-3.00 6
3.00-3.10 6
3.10-3.20 6
3.20-3.30 6
3.30-3.40 7
3.40-3.50 9
3.50-3.60 10
3.60-3.70 13
3.70-3.80 12
3.80-3.90 9
3.90-4.00 10
4.00-4.10 8
4.10-4.20 12
4.20-4.30 17
4.30-4.40 24
4.40-4.50 25
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Trial Pit Records 
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Excavation Method Dimensions

Trial Pit

Water
Depth
(m)

Field Records

Remarks

Scale (approx) Logged By Figure No.

JCB 3CX
2.70m x 0.60m x 4.00m

1

(0.20)
  0.20

Grass over brown, clayey, sandy TOPSOIL with some plant 
material.

0.20 J3
0.20 D2
0.20 B1
0.30 J6
0.30 D5
0.30 B4

Seepage at 2.10m.
Slight spalling between 2.50m and 3.00m.

1.30 D8
1.30 B7 At 1.40m: occasional pockets of silty sand (sample D9).
1.40 D9

(1.90)

  2.10

Firm, red brown, occasionally mottled grey orange, sandy, 
slightly gravelly CLAY with occasional rootlets.  Gravel is 
rounded to angular, fine to coarse including siltstone and 
sandstone.

seepage(1) at 2.10m.2.10 D11
2.10 B10

(0.70)

  2.80

Brown, very silty SAND.

2.80 D13
2.80 B12

(1.00)

  3.80

Firm, brown, slightly sandy CLAY with occasional pockets 
of silt.

3.80 D15
3.80 B14

(0.20)
  4.00

Firm, blue brown, sandy, slightly gravelly CLAY with 
occasional pockets of silty sand.  Gravel is subangular to 
subrounded, fine and medium including sandstone and 
quartz.

Complete at 4.00m
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Excavation Method Dimensions

Trial Pit

Water
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(m)

Field Records

Remarks

Scale (approx) Logged By Figure No.

JCB 3CX
3.50m x 0.70m x 4.40m

1

2

(0.30)

  0.30

Soft, dark brown TOPSOIL with some rootlets.

0.30 D2
0.30 B1

(0.20)
  0.50

Soft in places firm, dark red brown, gravelly CLAY.  Gravel 
is angular to subangular, fine to coarse including siltstone 
and mudstone.

0.80 D4
0.80 B3

(0.40)

  0.90 Firm, light red , dark grey, mottled brown, gravelly CLAY.  
Gravel is angular to subangular, fine to coarse including 
siltstone, quartz and mudstone.

Groundwater located at 1.80m and 2.50m.
Trial pit remained stable throughout excavation.
Trial pit terminated at 4.40m due to obstruction - possible rockhead.

1.50 D6
1.50 B5

Water strike(1) at 1.80m.

(1.00)

  1.90

Firm in places stiff, dark red, brown, mottled blue grey 
CLAY with some cobbles of quartz and sandstone and 
some rootlets.  

Water strike(2) at 2.50m.2.50 D8
2.50 B7

3.50 D10
3.50 B9

At 4.40m: obstruction (possible rockhead encountered).

(2.50)

  4.40

Dark red, brown, gravelly CLAY with some cobbles of 
siltstone.  Gravel is angular to subangular, fine to coarse 
including siltstone, mudstone and coal.  

Complete at 4.40m
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Excavation Method Dimensions

Trial Pit

Water
Depth
(m)

Field Records

Remarks

Scale (approx) Logged By Figure No.

JCB 3CX
2.70m x 0.60m x 3.00m

(0.20)
  0.20

Grass over brown, very clayey, sandy TOPSOIL with some 
nodules of clay and some rootlets.

0.20 J3
0.20 D2
0.20 B1
0.30 B4
0.30 D5

(0.60)

  0.80

Soft in places firm, orange brown, sandy, slightly gravelly 
CLAY.  Gravel is rounded to subrounded, fine and medium 
including sandstone and quartz.

0.30 J6
0.90 D8

Trial pit remained dry throughout excavation.

0.90 B7

Slight spalling between 1.20m and 2.00m.

(0.40)

  1.20

Firm in places stiff, red brown, sandy, slightly gravelly 
CLAY.  Gravel is rounded to subrounded, fine to coarse 
including sandstone and siltstone.

1.20 D10
1.20 B9

(0.70)

  1.90

Red brown SANDSTONE, recovered as very clayey sand 
and subangular to subrounded, fine to coarse gravel.

1.90 B11
1.90 D12 (0.30)

  2.20

Light grey SANDSTONE, recovered as sand and angular to 
subrounded, fine to coarse gravel.

2.20 B13
2.20 D14

Between 2.50m and 3.00m: slow progress (20 
minutes).

(0.80)

  3.00

Red brown SANDSTONE, recovered as sandy, angular to 
subangular, fine to coarse gravel.

3.00 B15

Complete at 3.00m

3.00 D16
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Excavation Method Dimensions

Trial Pit

Water
Depth
(m)

Field Records

Remarks

Scale (approx) Logged By Figure No.

JCB 3CX
3.00m x 0.60m x 3.50m

1

0.20 J3

(0.30)

  0.30

Grass over MADE GROUND: Brown, very clayey, sandy, 
slightly gravelly TOPSOIL.  Gravel is rounded to 
subrounded, fine to coarse of sandstone.

0.20 D2
0.20 B1
0.30 J6
0.30 D5
0.30 B4

(0.60)

  0.90

MADE GROUND: Firm in places stiff, mottled orange 
brown, sandy, slightly gravelly CLAY.  Gravel is subangular 
to subrounded, fine to coarse including sandstone, siltstone 
and coal.

0.90 D8

Groundwater located at 2.30m.

0.90 B7

Slight spalling between 1.50m and 2.50m.

(1.00)

  1.90

Firm, dark blue, grey, slightly sandy CLAY.

(0.40)

  2.30

Dark blue SILTSTONE/MUDSTONE, recovered as sandy, 
gravelly CLAY.  Gravel is angular to subangular, fine and 
medium including siltstone and mudstone.

trickle(1) at 2.30m.2.30 D10
2.30 B9

(0.60)

  2.90

Very weak, dark grey blue MUDSTONE, recovered as 
clayey sand and angular to subangular, fine to coarse, 
tabular gravel.

2.90 D12
2.90 B11

(0.60)

  3.50

Dark grey blue MUDSTONE/SILTSTONE, recovered as 
clayey, sandy, angular to subangular, fine to coarse, tabular 
gravel.

3.50 D14

Complete at 3.50m

3.50 B13
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Excavation Method Dimensions

Trial Pit

Water
Depth
(m)

Field Records

Remarks

Scale (approx) Logged By Figure No.

JCB 3CX
3.00m x 0.60m x 4.00m

(0.20)
  0.20

Grass over brown, very clayey, sandy, slightly gravelly 
TOPSOIL with rootlets.  Gravel is rounded to subrounded, 
fine to coarse of sandstone.0.20 D2

0.20 J3
0.20 B1
0.30 B4
0.30 D5
0.30 J6

Trial pit remained dry and stable throughout excavation.

1.30 J9
1.30 D8
1.30 B7

Below 2.20m: silty and red brown.

(2.10)

  2.30

Firm, mottled orange, grey, brown, sandy, slightly gravelly 
CLAY.  Gravel is subangular to subrounded, fine and 
medium including sandstone, siltstone and coal (possible 
made ground).

2.30 B10
2.30 D11 (0.10)

  2.40 Red brown, very clayey SAND and angular to rounded, fine 
to coarse GRAVEL with some nodules of clay.  Gravel 
includes sandstone and siltstone (possible made ground).

2.30 J12
2.40 B13
2.40 D14

3.40 D16
3.40 B15

(1.60)

  4.00

Stiff, red brown, slightly sandy, slightly gravelly CLAY.  
Gravel is subangular to rounded, fine to coarse including 
sandstone, siltstone and quartz.

Complete at 4.00m
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Excavation Method Dimensions

Trial Pit

Water
Depth
(m)
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Remarks

Scale (approx) Logged By Figure No.

JCB 3CX
3.00m x 0.60m x 4.00m

(0.20)
  0.20

Grass over brown, clayey, sandy, slightly gravelly TOPSOIL 
with occasional plant material.  Gravel is rounded to 
angular, fine and medium including siltstone and sandstone.0.20 J3

0.20 D2
0.20 B1
0.30 J6
0.30 D5
0.30 B4

Trial pit remained dry throughout excavation.
Slight spalling between 1.00m and 3.00m.

Below 1.30m: some nodules of clay.1.30 J9
1.30 D8
1.30 B7

At 1.80m: occasional cobbles.

(1.60)

  1.80

Orange brown, clayey SAND and rounded to subrounded, 
fine to coarse GRAVEL with occasional nodules of clay.  
Gravel includes sandstone and quartz (possible made 
ground).

1.80 D11
1.80 B10

At 2.30m: some cobbles of sandstone and boulders of 
sandstone (upto 0.50m).

(0.90)

  2.70

Stiff, blue grey, slightly sandy, slightly gravelly CLAY with 
occasional cobbles.  Gravel is subrounded to subangular, 
fine to coarse including sandstone and quartz.

2.70 D13
2.70 B12 (0.50)

  3.20

Stiff, light orange, brown, sandy, slightly gravelly SILT with 
occasional cobbles.  Gravel is subrounded to angular, fine 
and medium of sandstone.

3.20 D15
3.20 B14

(0.80)

  4.00

Firm in places stiff, blue grey, slightly sandy, slightly 
gravelly CLAY.  Gravel is subrounded to subangular, fine 
and medium of sandstone.

Complete at 4.00m

1/1
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Excavation Method Dimensions

Trial Pit

Water
Depth
(m)

Field Records

Remarks

Scale (approx) Logged By Figure No.

JCB 3CX
3.40m x 0.70m x 1.40m

1

(0.20)
  0.20

Soft, dark brown TOPSOIL with rootlets.

0.50 D2
0.50 B1

(0.80)

  1.00

Soft in places firm, red brown, sandy, gravelly CLAY with 
some cobbles.  Gravel is angular to subangular, fine to 
coarse including siltstone and sandstone.

At 1.00m: slight seepage (broken land drain).

slight seepage(1) at 
1.00m.

Trial pit remained stable throughout excavation.
Trial pit terminated at 1.40m due to obstruction.

At 1.40m: obstruction (rockhead encountered).

(0.40)

  1.40

Firm in places stiff, light blue grey, gravelly SILT with some 
cobbles.  Gravel is angular to subangular, fine to coarse of 
siltstone.

1.40 D4
1.40 B3

Complete at 1.40m
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Excavation Method Dimensions

Trial Pit

Water
Depth
(m)

Field Records

Remarks

Scale (approx) Logged By Figure No.

JCB 3CX
3.50m x 0.70m x 3.00m

1

(0.30)

  0.30

Soft, dark brown, sandy, gravelly TOPSOIL with rootlets.

0.80 D2
0.80 B1

(0.60)

  0.90

Soft, light red brown, sandy, gravelly SILT.  Gravel is 
angular to subangular, fine to coarse including siltstone, 
sandstone and mudstone.

At 1.30m: slight seepage.
Trial pit remained stable throughout excavation.
Trial pit terminated at 3.00m due to obstruction.

slight seepage(1) at 
1.30m.

1.50 D4
1.50 B3

(1.50)

  2.40

Firm, becoming stiff, dark red, brown, sandy, gravelly SILT.  
Gravel is angular to subrounded, fine to coarse including 
siltstone, sandstone and mudstone.

2.50 D6
2.50 B5

At 3.00m: obstruction (rockhead encountered).

(0.60)

  3.00

Firm in places stiff, dark red, brown, sandy, gravelly SILT.  
Gravel is angular to subangular, fine to coarse including 
siltstone, sandstone and mudstone.

3.00 D8

Complete at 3.00m

3.00 B7

1/1



Location

Ground Level (mOD)

Dates

Site

Client

Engineer

Number

Job
Number

Sheet

W
a
te

r

LegendDescription
Depth

(m)
(Thickness)

Depth
(m)

Level
(mOD)Sample / Tests

1:50 GP 40274.TP08

Warren Hall Site - Broughton

Welsh Assembly Government

Opus International Consultants (UK) Ltd

TP08

40274

15/01/2008

Produced by the GEOtechnical DAtabase SYstem (GEODASY) (C) all rights reserved

Plan.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

Excavation Method Dimensions

Trial Pit

Water
Depth
(m)

Field Records

Remarks

Scale (approx) Logged By Figure No.

JCB 3CX
3.00m x 0.60m x 3.50m

(0.20)
  0.20

MADE GROUND: Brown, clayey, sandy, gravelly TOPSOIL 
with some plant material.  Gravel is subrounded to 
subangular, fine to coarse including sandstone and slag.0.20 J3

0.20 D2
0.20 B1
0.40 J6
0.40 D5
0.40 B4

Trial pit remained dry and stable throughout excavation.

1.20 J9
1.20 D8
1.20 B7

(1.30)

  1.50

MADE GROUND: Orange brown, very clayey, slightly 
gravelly SAND with some nodules of clay and silt.  Gravel is 
subrounded to subangular, fine and medium including ash 
and sandstone.

At 1.90m: occasional nodules of stiff clay.
2.00 D11
2.00 B10

(0.90)

  2.40

Soft in places firm, orange brown, sandy, slightly gravelly 
CLAY.  Gravel is angular to subrounded, fine and medium 
including chert, flint, siltstone and sandstone.

2.40 D13
2.40 B12

Below 3.00m: very sandy.

(1.00)

  3.40

Firm, red brown, sandy, slightly gravelly CLAY.  Gravel is 
rounded to subrounded, fine to coarse including sandstone, 
siltstone and coal.

3.40 D15
3.40 B14 (0.10)

  3.50

Red, purple, brown SILTSTONE, recovered as slightly 
clayey sand and angular to subangular, fine to coarse 
gravel.  At 3.50m: light grey.

Complete at 3.50m
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Excavation Method Dimensions

Trial Pit

Water
Depth
(m)

Field Records

Remarks

Scale (approx) Logged By Figure No.

JCB 3CX
3.50m x 0.70m x 3.50m

(0.30)

  0.30

Soft, dark brown, sandy, gravelly TOPSOIL with rootlets.

0.50 D2
0.50 B1

Groundwater located between 1.00m and 1.10m.
Slight spalling between 0.00m and 3.00m.

(0.80)

  1.10

Soft in places firm, light red, brown, sandy, gravelly SILT.  
Gravel is angular to subangular, fine to coarse including 
siltstone, sandstone and mudstone.

1.10 D4
1.10 B3

2.00 D6
2.00 B5

(1.90)

  3.00

Firm, dark red, brown, sandy, gravelly SILT with occasional 
small fragments of coal.

3.00 D8
3.00 B7 (0.50)

  3.50

Red brown, clayey SAND.

Complete at 3.50m
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Excavation Method Dimensions

Trial Pit

Water
Depth
(m)

Field Records

Remarks

Scale (approx) Logged By Figure No.

JCB 3CX
3.30m x 0.70m x 4.50m

1

(0.50)

  0.50

Soft, dark brown, slightly gravelly TOPSOIL with rootlets.

0.50 D2
0.50 B1 (0.40)

  0.90

Soft in places firm, dark grey, brown, sandy, gravelly CLAY. 
 Gravel is angular to subangular, fine to coarse of 
mudstone.

0.90 J5
0.90 D4

Groundwater located at 2.50m.

0.90 B3

Trial pit remained stable throughout excavation.

(0.60)

  1.50

Firm in places stiff, red, orange, brown, mottled blue grey, 
gravelly CLAY.  Gravel is angular to subangular, fine to 
coarse including siltstone, sandstone and mudstone.

1.50 D7
1.50 B6

Water strike(1) at 2.50m.2.50 D9
2.50 B8 Below 2.60m: with nodules of stiff, brown clay.

3.50 D11
3.50 B10

(2.50)

  4.00

Red brown, sandy SILT with fragments of coal and rootlets. 

(0.50)

  4.50

Stiff, dark red, blue, brown, gravelly CLAY with some 
cobbles of mudstone.  Gravel is angular to subangular, fine 
to coarse of siltstone.

4.50 D13

Complete at 4.50m

4.50 B12
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Excavation Method Dimensions

Trial Pit

Water
Depth
(m)

Field Records

Remarks

Scale (approx) Logged By Figure No.

JCB 3CX
3.40m x 0.70m x 4.00m

(0.60)

  0.60

Soft, dark brown, slightly gravelly TOPSOIL with rootlets.

0.60 D2
0.60 B1 (0.40)

  1.00

Soft in places firm, light grey, red brown, gravelly CLAY.  
Gravel is angular to subangular, fine to coarse including 
mudstone and coal.

Trial pit remained dry throughout excavation.

1.00 J5
1.00 D4

Slight spalling between 0.00m and 2.00m.

1.00 B3
(0.90)

  1.90

Firm, dark red brown, gravelly CLAY.  Gravel is angular to 
subangular, fine to coarse including mudstone and coal.

2.00 D7
2.00 B6

3.00 D9
3.00 B8

3.50 D11
3.50 B10

(2.00)

  3.90

Firm, dark black, blue grey, gravelly CLAY.  Gravel is 
angular to subangular, fine to coarse including siltstone, 
quartz and mudstone.

(0.10)
  4.00

Stiff, dark red, blue grey, sandy, gravelly CLAY with some 
cobbles of siltstone.  Gravel is angular to subangular, fine 
to coarse including mudstone and siltstone.  

4.00 D13

Complete at 4.00m

4.00 B12
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Excavation Method Dimensions

Trial Pit

Water
Depth
(m)

Field Records

Remarks

Scale (approx) Logged By Figure No.

JCb 3CX
2.70m x 0.60m x 3.50m

0.20 D2

(0.30)

  0.30

MADE GROUND: Brown, very clayey, sandy TOPSOIL with 
some plant material.

0.20 J3
0.20 B1
0.50 B4
0.50 D5
0.50 J6

Trial pit remained dry and stable throughout excavation.

At 1.50m: pocket of silty sand (sample D10a).1.50 D10a
1.50 D8
1.50 J9
1.50 B7

(1.80)

  2.10

MADE GROUND: Firm in places, orange brown, sandy, 
slightly gravelly CLAY with occasional localised pockets of 
clayey sand.  Gravel is rounded to subangular, fine to 
coarse including sandstone, siltstone, coal and ash.

2.20 B11
2.20 D12

At 2.50m: dark blue, grey with occasional cobbles.

(0.60)

  2.70

Grey, very clayey SAND and angular to subangular, fine to 
coarse GRAVEL.  Gravel includes siltstone and shale.

2.70 B13
2.70 D14

Between 3.00m and 3.50m: slow progress (30 
minutes).

(0.80)

  3.50

Dark blue grey SILTSTONE, recovered as clayey, sandy, 
angular, fine to coarse, tabular gravel of siltstone.

3.50 D16

Complete at 3.50m

3.50 B15
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Excavation Method Dimensions

Trial Pit
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Depth
(m)

Field Records

Remarks

Scale (approx) Logged By Figure No.

JCb 3CX
2.50m x 0.60m x 1.20m

0.20 J3

(0.30)

  0.30

Brown, very clayey, sandy, slightly gravelly TOPSOIL with 
occasional nodules of clay and occasional plant material.  
Gravel is subrounded to subangular, fine and medium of 
sandstone.0.20 D2

0.20 B1
0.30 J6
0.30 D5

(0.40)

  0.70 Firm, orange brown, sandy, slightly gravelly CLAY with 
occasional plant material.  Gravel is rounded to 
subrounded, fine and medium including sandstone and 
quartz.

0.30 B4
0.70 D8

Trial pit remained dry and stable throughout excavation.

0.70 B7

(0.50)

  1.20
Orange brown SANDSTONE, recovered as slightly clayey, 
very sandy, angular to subangular, fine to coarse gravel 
with occasional cobbles and boulders.  Gravel consists of 
sandstone.  Between 0.80m and 1.20m: slow progress (20 
minutes). 

Complete at 1.20m
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Excavation Method Dimensions

Trial Pit

Water
Depth
(m)

Field Records

Remarks

Scale (approx) Logged By Figure No.

JCB 3CX
2.50m x 0.60m x 3.50m

(0.20)
  0.20

Grass over brown, very clayey, sandy TOPSOIL with some 
plant material.

0.20 D2
0.20 J3
0.20 B1
0.30 B4
0.30 D5

(0.50)

  0.70

Firm, mottled orange, brown, grey, sandy, slightly gravelly 
CLAY with rootlets and occasional small pockets of black 
silt.  Gravel is subangular to subrounded, fine and medium 
of sandstone.

0.30 J6
0.70 D8

(0.30)

  1.00
Rock object, recovered as orange, dark grey, clayey, 
sandy, angular to subangular, fine to coarse gravel of 
sandstone.

Trial pit remained dry and stable throughout excavation.

0.70 B7
1.00 D10
1.00 B9

(0.80)

  1.80

Orange brown, very clayey SAND and subangular to 
subrounded, fine to coarse gravel.  Gravel includes 
sandstone and siltstone.1.80 D11

(0.10)
  1.90 Very weak, dark blue, grey SILTSTONE, recovered slightly 

sandy, angular to subangular, fine and medium gravel of 
siltstone.

1.90 B12
1.90 D13

At 2.80m: orange brown.2.80 B14
2.80 D15

At 3.10m: grey/cream.

(1.60)

  3.50

Grey, slightly clayey SAND and subangular to subrounded, 
fine to coarse GRAVEL with occasional nodules of clay/silt 

and occasional cobbles.  Gravel includes sandstone and 
siltstone.

3.50 D17

Complete at 3.50m

3.50 B16
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Scale (approx) Logged By Figure No.

JCB 3CX
2.70m x 0.60m x 4.00m

(0.20)
  0.20

Grass over brown, very clayey, sandy, slightly gravelly 
TOPSOIL with occasional plant material.  Gravel is 
subrounded to subangular, fine to coarse including 
sandstone, clinker and ash.

0.20 D2
0.20 J3
0.20 B1
0.30 B4

(0.40)

  0.60
Soft, orange brown, sandy, slightly gravelly CLAY.  Gravel 
is subrounded to subangular, fine to coarse of sandstone.0.30 D5

0.30 J6
0.60 D8

Trial pit remained dry throughout excavation.

0.60 B7

Slight spalling between 3.00m and 3.50m.

Below 1.00m: occasional cobbles.

(1.00)

  1.60

Soft, orange brown, mottled blue grey, slightly sandy, 
slightly gravelly CLAY with occasional rootlets.  Gravel is 
rounded to subrounded, fine and medium of sandstone.

1.60 D10
1.60 B9

At 2.00m: occasional boulders.

(0.60)

  2.20

Stiff, mottled dark blue grey/orange brown, sandy, gravelly 
CLAY.  Gravel is angular to subrounded, fine to coarse 
including sandstone and siltstone.

2.20 B11
2.20 D12 (0.50)

  2.70

Light brown, very clayey, very gravelly SAND.  Gravel is 
angular to subangular, fine to coarse including siltstone and 
sandstone.

2.70 B13
2.70 D14

(0.30)

  3.00 Light brown, very clayey SAND and angular to subangular, 
fine to coarse GRAVEL.  Gravel consists of siltstone and 
sandstone.

3.00 B15
3.00 D16

(1.00)

  4.00

Blue grey, very clayey SAND and angular to subangular, 
fine to coarse GRAVEL. Gravel consists of siltstone and 
sandstone.

4.00 D18

Complete at 4.00m

4.00 B17

1/1



 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

Figure A2.5 

In-Situ Californian Bearing Ratio Test Results 



























































 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

Figure A2.6 

SPT Summary Table 



Standard Penetration Test Results

Produced by the GEOtechnical DAtabase SYstem (GEODASY) (C) all rights reserved

Job Number

40274

Sheet

Site : Warren Hall Site - Broughton

Client : Welsh Assembly Government

Engineer : Opus International Consultants (UK) Ltd

Borehole
Number

Base of
Borehole

(m)

End of
Seating
Drive

(m)

End of
Test
Drive

(m)

Test
Type

Seating Blows
per 75mm

1 2 1

Blows for each 75mm penetration

2 3 4

Result Comments

BH01 2.00 2.15 2.45 SPT 3 3 3 4 3 6 N=16

BH01 3.00 3.15 3.45 SPT 5 6 5 5 5 7 N=22

BH01 4.00 4.15 4.44 SPT 7 10 12 13 14 11 50/290mm

BH02 1.20 1.35 1.64 SPT 7 11 12 11 12 15 50/290mm

BH02 2.00 2.15 2.45 CPT 5 3 4 5 4 5 N=18

BH02 3.00 3.15 3.45 CPT 2 3 4 3 4 4 N=15

BH02 4.00 4.15 4.45 SPT 4 5 5 4 5 4 N=18

BH02 5.00 5.15 5.44 SPT 7 8 11 12 13 14 50/285mm

BH02 6.00 6.15 6.38 CPT 7 9 14 16 20 50/225mm

BH03 2.00 2.15 2.45 SPT 2 2 2 3 2 3 N=10

BH03 4.00 4.15 4.45 SPT 4 5 6 6 6 10 N=28

BH03 5.50 5.65 5.82 CPT 9 14 20 22 8 50/165mm

BH04 1.20 1.35 1.65 SPT 3 3 3 5 6 6 N=20

BH04 2.00 2.15 2.45 SPT 2 3 4 4 5 5 N=18

BH04 3.00 3.15 3.45 SPT 2 2 2 3 2 3 N=10

BH04 4.00 4.14 4.25 SPT 13 12 27 23 25*/135mm
50/110mm

BH05 1.30 1.32 1.35 CPT 25 50 25*/20mm
50/25mm

BH06 1.20 1.35 1.65 SPT 1 1 2 3 3 3 N=11

BH06 2.20 2.22 2.24 CPT 25 50 25*/15mm
50/20mm

BH07 1.20 1.35 1.65 SPT 1 1 2 2 3 3 N=10

BH07 3.00 3.15 3.45 SPT 1 2 3 4 5 10 N=22

BH07 4.00 4.02 4.04 CPT 25 50 25*/20mm
50/20mm

BH08 1.20 1.35 1.65 SPT 1 2 3 4 4 5 N=16

BH08 2.00 2.15 2.45 SPT 2 2 3 4 3 3 N=13

BH08 3.00 3.15 3.45 SPT 3 8 9 11 14 12 N=46

BH08 4.00 4.15 4.39 SPT 8 9 11 13 19 7 50/240mm

BH09 1.20 1.35 1.65 SPT 1 1 2 2 2 3 N=9

BH09 3.00 3.15 3.22 SPT 2 4 50 50/65mm

BH09 3.50 3.52 3.54 CPT 25 50 25*/15mm
50/20mm

BH10 2.00 2.15 2.45 SPT 3 3 3 3 5 5 N=16

BH10 4.00 4.15 4.24 SPT 8 17 38 12 25*/145mm
50/95mm

BH11 2.00 2.15 2.45 SPT 3 4 6 7 9 11 N=33

BH11 4.00 4.15 4.45 SPT 5 6 8 10 10 11 N=39

BH11 5.50 5.65 5.95 SPT 3 4 4 4 5 4 N=17

BH11 7.00 7.15 7.45 SPT 2 1 2 2 2 3 N=9

BH11 8.50 8.65 8.95 SPT 1 2 2 2 3 4 N=11

BH11 11.50 11.65 11.95 SPT 3 4 4 5 5 5 N=19

BH11 14.00 14.12 14.16 CPT 9 16 50 25*/120mm
50/40mm

BH12 1.20 1.35 1.65 SPT 1 1 1 2 2 2 N=7
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Standard Penetration Test Results

Produced by the GEOtechnical DAtabase SYstem (GEODASY) (C) all rights reserved

Job Number

40274

Sheet

Site : Warren Hall Site - Broughton

Client : Welsh Assembly Government

Engineer : Opus International Consultants (UK) Ltd

Borehole
Number

Base of
Borehole

(m)

End of
Seating
Drive

(m)

End of
Test
Drive

(m)

Test
Type

Seating Blows
per 75mm

1 2 1

Blows for each 75mm penetration

2 3 4

Result Comments

BH12 3.00 3.15 3.45 SPT 1 1 1 2 2 3 N=8

BH12 5.00 5.15 5.45 SPT 1 2 2 3 3 3 N=11

BH12 7.50 7.53 7.57 CPT 25 50 25*/30mm
50/35mm

BH13 2.00 2.15 2.45 SPT 4 5 5 6 6 7 N=24

BH13 3.00 3.15 3.32 SPT 6 12 17 23 16 56/165mm

BH13 4.00 4.09 4.19 CPT 20 5 34 16 25*/85mm
50/100mm

BH14 1.20 1.35 1.65 SPT 1 2 2 2 3 3 N=10

BH14 3.00 3.03 3.05 CPT 25 50 25*/25mm
50/20mm

BH15 2.00 2.15 2.45 SPT 2 4 4 7 10 11 N=32

BH15 3.00 3.15 3.45 SPT 7 10 12 12 12 14 N=50

BH15 4.00 4.15 4.37 CPT 11 13 15 17 18 50/220mm

BH16 2.00 2.15 2.21 SPT 7 12 50 50/55mm

BH17 1.20 1.35 1.65 SPT 1 1 2 2 2 3 N=9

BH17 2.00 2.15 2.45 SPT 1 1 1 2 2 2 N=7

BH17 3.00 3.15 3.45 SPT 1 1 2 2 2 3 N=9

BH17 4.00 4.15 4.45 SPT 1 1 2 2 3 3 N=10

BH17 5.00 5.15 5.45 SPT 1 1 2 2 2 2 N=8

BH17 6.00 6.15 6.45 SPT 1 1 2 1 2 2 N=7

BH17 7.50 7.65 7.95 SPT 1 3 3 4 5 5 N=17

BH17 10.50 10.65 10.95 SPT 3 4 5 7 8 8 N=28

BH17 12.00 12.15 12.44 SPT 5 7 9 12 15 14 50/290mm

BH17 13.50 13.54 13.58 CPT 25 50 25*/35mm
50/40mm
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Figure A2.7 

Instrumentation Details 
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W
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Instrument Groundwater Observations

Inst. [A] Type :
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APPENDIX  3  

LABORATORY TESTS 



14 Faraday Close, District 15, Pattinson North Industrial Estate, Washington, Tyne & Wear, NE38 8QJ.
Tel.  0191 4166375  Fax. 0191 4191578 Email.  lab@ifawashington.co.uk  Internet.www.ianfarmerassociates.co.uk

Ian Farmer Associates (1998) Ltd
17 Rivington Court
Warrington
Cheshire
WA1 4RT

TEST REPORT - 40274/1

F.A.O. Mr A Latimer

Site : Warren Hall Site - Broughton

Job Number : 40274

Originating Client : Welsh Assembly Government

Originating Reference : 40274

Date Sampled : Not Given

Date Scheduled : 22.01.08

Date Testing Started : 24/1/08

Date Testing Finished : 31/1/08

Remarks : First Report for above Job Number•
•Samples will be disposed of 28 days after the report is issue unless
otherwise agreed

•This report may contain results from tests which are not included within
the scope of the UKAS accreditation. Please see final sheet for details.

J.M. JonesAuthorised By:

Position : Senior Materials Engineer Date : 31/1/08

Ian Farmer Associates (1998) Limited.  Registered in England and Wales No. 3661447
Registered Office: Unit 1, Bamburgh Court, TVTE, Gateshead, Tyne & Wear, NE11 0TX

Offices in: Coventry (02476) 456565.   Harpenden, Herts.  (01582) 460018. Truro (01827) 261775
Warrington (01925) 855440.  Newcastle upon Tyne (0191) 4828500.  Motherwell (01698) 230231.
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DETERMINATION OF MOISTURE CONTENT

Laboratory Test Report - 40274/1

Borehole/
Trial Pit

Depth
(m)

Sample
Moisture
Content

%
Description

Job Number

40274

Page

Site : Warren Hall Site - Broughton

Client : Welsh Assembly Government

Method of Preparation : BS 1377:PART 1:1990:7.3.3 Preparation of samples for classification tests

Method of Test : BS 1377:PART 2:1990:3.2 Determination of oven dried moisture content

Remarks :

TP05 1.80 D11 15 Brown slightly sandy slightly gravelly CLAY
TP06 0.50 D2 18 Brown CLAY / SAND
TP08 2.00 D11 16 Brown sandy CLAY
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DETERMINATION OF MOISTURE CONTENT, LIQUID LIMIT AND  PLASTIC LIMIT
AND DERIVATION OF PLASTICITY AND LIQUIDITY INDEX

Laboratory Test Report - 40274/1

Borehole/
Trial Pit

Depth
(m) Sample

Natural
/

Sieved

Natural
Moisture
Content

%

Sample Passing
425µm Sieve

Percentage
%

Moisture
Content

%

Liquid
Limit

%

Plastic
Limit

%

Plasticity
Index

%
Liquidity

Index Class Description / Remarks

Job Number

40274

Page

Site : Warren Hall Site - Broughton

Client : Welsh Assembly Government

Method of Preparation : BS 1377:PART 1:1990:7.4 Preparation of samples for classification tests  BS 1377:PART 2:1990:4.2 & 5.2 Sample preparations

Method of Test : BS 1377:PART 2:1990:3.2 Determination of moisture content  4.3 Determination of the liquid limit  5.3 Determination of the plastic limit and 
plasticity index

TP05 1.80 D11 Natural 15 82 18 38 20 18 -0.11 CI Brown slightly sandy slightly gravelly CLAY

TP06 0.50 D2 Natural 18 85 20 NP Brown CLAY / SAND

TP08 2.00 D11 Natural 16 95 17 23 13 10 0.40 CL Brown sandy CLAY
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Grading Analysis

D85

D60

D10

Uniformity Coefficient

Particle Proportions

Cobbles + Boulders

Gravel

Sand

Silt

Clay

Sieve /
Particle

Size

%
Passing

DETERMINATION OF PARTICLE SIZE DISTRIBUTION

Laboratory Test Report - 40274/1

Job Number

40274

Page

Site : Warren Hall Site - Broughton

Client : Welsh Assembly Government

Method of Preparation : BS 1377:PART 1:1990:7.3 Initial preparation  7.4.5 Particle size tests

Preparation Details : Sample washed with washing dispersant, Oven Dried at 105 - 110°C

Method of Test : BS 1377:PART 2:1990:9 Determination of particle size distribution

Remarks :

Borehole /

Trial Pit

Depth

(m)
Sample

Pipette/

Hydrometer
Description

PipetteTP05 0.30 B4 Brown gravelly CLAY / SAND

200 mm 100

150 mm 100

125 mm 100

90 mm 100

75 mm 100

63 mm 100

50 mm 100

37.5 mm 100

28 mm 90

20 mm 87

14 mm 80

10 mm 74

6.3 mm 65

5 mm 61

3.35 mm 57

2 mm 54

1.18 mm 51

600 µm 48

425 µm 43

300 µm 35

212 µm 28

150 µm 23

63 µm 16

20 µm 10

6 µm 7

2 µm 5

18.1 mm

4.5 mm

20.0 µm

226.2

0%

46%

38%

10%

5%

0.002 0.006 0.02 0.06 0.2 0.6 2 6 20 60 200 600
0

10

20

30

40

50

60

70

80

90

100

Fine Medium Coarse Fine Medium Coarse Fine Medium Coarse
CLAY

SILT SAND GRAVEL
COBBLES BOULDERS
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Grading Analysis

D85

D60

D10

Uniformity Coefficient

Particle Proportions

Cobbles + Boulders

Gravel

Sand

Silt

Clay

Sieve /
Particle

Size

%
Passing

DETERMINATION OF PARTICLE SIZE DISTRIBUTION

Laboratory Test Report - 40274/1

Job Number

40274

Page

Site : Warren Hall Site - Broughton

Client : Welsh Assembly Government

Method of Preparation : BS 1377:PART 1:1990:7.3 Initial preparation  7.4.5 Particle size tests

Preparation Details : Sample washed with washing dispersant, Oven Dried at 105 - 110°C

Method of Test : BS 1377:PART 2:1990:9 Determination of particle size distribution

Remarks :

Borehole /

Trial Pit

Depth

(m)
Sample

Pipette/

Hydrometer
Description

PipetteTP08 2.00 D11 Brown sandy CLAY

200 mm 100

150 mm 100

125 mm 100

90 mm 100

75 mm 100

63 mm 100

50 mm 100

37.5 mm 100

28 mm 100

20 mm 100

14 mm 100

10 mm 100

6.3 mm 100

5 mm 100

3.35 mm 99

2 mm 98

1.18 mm 97

600 µm 96

425 µm 95

300 µm 91

212 µm 85

150 µm 73

63 µm 48

20 µm 41

6 µm 31

2 µm 23

200.0 µm

100.0 µm

-

-

0%

2%

50%

25%

23%

0.002 0.006 0.02 0.06 0.2 0.6 2 6 20 60 200 600
0

10

20

30

40

50

60

70

80

90

100

Fine Medium Coarse Fine Medium Coarse Fine Medium Coarse
CLAY

SILT SAND GRAVEL
COBBLES BOULDERS

5 / 13



Grading Analysis

D85

D60

D10

Uniformity Coefficient

Particle Proportions

Cobbles + Boulders

Gravel

Sand

Silt/Clay

Sieve /
Particle

Size

%
Passing

DETERMINATION OF PARTICLE SIZE DISTRIBUTION

Laboratory Test Report - 40274/1

Job Number

40274

Page

Site : Warren Hall Site - Broughton

Client : Welsh Assembly Government

Method of Preparation : BS 1377:PART 1:1990:7.3 Initial preparation  7.4.5 Particle size tests

Preparation Details : Sample washed with washing dispersant, Oven Dried at 105 - 110°C

Method of Test : BS 1377:PART 2:1990:9 Determination of particle size distribution

Remarks :

Borehole /

Trial Pit

Depth

(m)
Sample

Pipette/

Hydrometer
Description

N/ATP12 2.20 B11 Brown slightly sandy gravelly CLAY

200 mm 100

150 mm 100

125 mm 100

90 mm 100

75 mm 100

63 mm 100

50 mm 100

37.5 mm 100

28 mm 100

20 mm 100

14 mm 98

10 mm 94

6.3 mm 86

5 mm 81

3.35 mm 74

2 mm 63

1.18 mm 50

600 µm 36

425 µm 32

300 µm 27

212 µm 23

150 µm 20

63 µm 14

6.0 mm

1.8 mm

-

-

0%

37%

48%

15%

0.002 0.006 0.02 0.06 0.2 0.6 2 6 20 60 200 600
0

10

20

30

40

50

60

70

80

90

100

Fine Medium Coarse Fine Medium Coarse Fine Medium Coarse
CLAY

SILT SAND GRAVEL
COBBLES BOULDERS
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Grading Analysis

D85

D60

D10

Uniformity Coefficient

Particle Proportions

Cobbles + Boulders

Gravel

Sand

Silt

Clay

Sieve /
Particle

Size

%
Passing

DETERMINATION OF PARTICLE SIZE DISTRIBUTION

Laboratory Test Report - 40274/1

Job Number

40274

Page

Site : Warren Hall Site - Broughton

Client : Welsh Assembly Government

Method of Preparation : BS 1377:PART 1:1990:7.3 Initial preparation  7.4.5 Particle size tests

Preparation Details : Sample washed with washing dispersant, Oven Dried at 105 - 110°C

Method of Test : BS 1377:PART 2:1990:9 Determination of particle size distribution

Remarks :

Borehole /

Trial Pit

Depth

(m)
Sample

Pipette/

Hydrometer
Description

PipetteTP13 0.30 B4 Brown sandy slightly gravelly CLAY

200 mm 100

150 mm 100

125 mm 100

90 mm 100

75 mm 100

63 mm 100

50 mm 100

37.5 mm 100

28 mm 100

20 mm 100

14 mm 98

10 mm 97

6.3 mm 97

5 mm 96

3.35 mm 96

2 mm 94

1.18 mm 92

600 µm 90

425 µm 88

300 µm 84

212 µm 79

150 µm 71

63 µm 63

20 µm 53

6 µm 40

2 µm 30

300.0 µm

0.0 µm

-

-

0%

6%

32%

33%

30%

0.002 0.006 0.02 0.06 0.2 0.6 2 6 20 60 200 600
0

10

20

30

40

50

60

70

80

90

100

Fine Medium Coarse Fine Medium Coarse Fine Medium Coarse
CLAY

SILT SAND GRAVEL
COBBLES BOULDERS
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Grading Analysis

D85

D60

D10

Uniformity Coefficient

Particle Proportions

Cobbles + Boulders

Gravel

Sand

Silt

Clay

Sieve /
Particle

Size

%
Passing

DETERMINATION OF PARTICLE SIZE DISTRIBUTION

Laboratory Test Report - 40274/1

Job Number

40274

Page

Site : Warren Hall Site - Broughton

Client : Welsh Assembly Government

Method of Preparation : BS 1377:PART 1:1990:7.3 Initial preparation  7.4.5 Particle size tests

Preparation Details : Sample washed with washing dispersant, Oven Dried at 105 - 110°C

Method of Test : BS 1377:PART 2:1990:9 Determination of particle size distribution

Remarks :

Borehole /

Trial Pit

Depth

(m)
Sample

Pipette/

Hydrometer
Description

PipetteTP15 2.70 B13 Brown slightly sandy gravelly CLAY

200 mm 100

150 mm 100

125 mm 100

90 mm 100

75 mm 100

63 mm 100

50 mm 100

37.5 mm 92

28 mm 92

20 mm 91

14 mm 90

10 mm 89

6.3 mm 86

5 mm 85

3.35 mm 84

2 mm 82

1.18 mm 81

600 µm 80

425 µm 79

300 µm 79

212 µm 79

150 µm 78

63 µm 78

20 µm 66

6 µm 36

2 µm 22

5.0 mm

0.0 µm

-

-

0%

18%

5%

55%

22%

0.002 0.006 0.02 0.06 0.2 0.6 2 6 20 60 200 600
0

10

20

30

40

50

60

70

80

90

100

Fine Medium Coarse Fine Medium Coarse Fine Medium Coarse
CLAY

SILT SAND GRAVEL
COBBLES BOULDERS
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DETERMINATION OF THE pH VALUE AND THE SULPHATE CONT ENT OF SOIL AND GROUNDWATER

Laboratory Test Report - 40274/1

Borehole/
Trial Pit

Depth
(m) Sample

Concentration of Soluble Sulphate

%

Soil
S04 in 2:1Total S04
water:soil

g /l

Groundwater
g /l

Percentage
of sample
passing

2mm Sieve
%

pH Description / Remarks

Job Number

40274

Page

Site : Warren Hall Site - Broughton

Client : Welsh Assembly Government

Method of Preparation : BS 1377:PART 1:1990:7.5 Preparation of soil for chemical tests  BS 1377:PART 3:1990:5.2, 5.3, 5.4 & 9.4

Method of Test : BS 1377:PART 3:1990:5 Determination of the sulphate content of soil and ground water  BS 1377:PART 3:1990:9 Determination of the pH value

TP05 0.30 D5 <0.1 25 7.4 Brown gravelly CLAY / SAND

TP06 0.50 D2 <0.1 56 4.8 Brown CLAY / SAND

TP08 0.40 D5 0.1 47 6.9 Brown sandy slightly gravelly CLAY

TP12 0.20 B1 0.1 49 6.8 Brown sandy CLAY

TP13 0.30 D5 0.1 27 7.1 Brown sandy CLAY

TP15 0.60 B7 <0.1 100 8.2 Brown slightly sandy CLAY
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DETERMINATION OF DRY DENSITY/MOISTURE CONTENT RELAT IONSHIP

Laboratory Test Report - 40274/1

Job Number

40274

Page

Site : Warren Hall Site - Broughton

Client : Welsh Assembly Government

Method of Preparation : BS 1377:PART 1:7.6, BS 1377:PART 4:1990:3.2 Preparation of samples for compaction tests

Method of Test : BS 1377:PART 4:1990:3.4/3.4 Determination using 2.5 kg rammer or 3.5/3.6 Determination using 4.5kg rammer: PART 2:1990:8.2 Determination 
of particle density

Remarks :

Description

Percentage retained 37.5 mm

Percentage retained 20.0 mm

Grading Zone

Mould Type

MAX DRY DENSITY Mg/m³

Single or separate samples

Particle density

Method of compaction

OPTIMUM MOISTURE CONTENT %

Borehole /

Trial Pit

Depth

(m)
Sample

Job Number

TP15 0.60 B7 Brown slightly sandy CLAY

0 %

0 %

1

1 Litre/proctor

Max size of cohesive lumps 20 mm

Single

2.65 Assumed

2.5kg Rammer

1.83 13

3.00 5.00 7.00 9.00 11.00 13.00 15.00 17.00 19.00 21.00

Dry
Density
Mg/m³

Moisture Content %

0%5%10%
1.90

1.85

1.80

1.75

1.70

1.65

1.60
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TP13 0.70 B7
Brown sandy CLAY

DETERMINATION OF CALIFORNIA BEARING RATIO (CBR)

Laboratory Test Report - 40274/1

Job Number

40274

Page

Site : Warren Hall Site - Broughton

Client : Welsh Assembly Government

Method of Preparation : The specimen was prepared by Dynamic compression using a 2.5 kg Rammer
BS 1377:PART 1:1990:7.6.1 General  1990:7.6.5 California bearing ratio test  BS 1377:PART 4:1990:7.2 Preparation of test sample

Method of Test : BS 1377:PART 4:1990:7.4 Penetration test procedure

Remarks :

Borehole /

Trial Pit

Depth

(m)
Sample

%
Passing
20 mm
Sieve

Description

Penetration of plunger (mm)

Lo
ad

 o
n 

pl
un

ge
r 

(k
N

)

0.00 0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00 5.50 6.00 6.50 7.00 7.50 8.00
0.00

0.15

0.30

0.45

0.60

0.75

0.90

1.05

1.20

1.35

1.50

99 %

Moisture Content %

0.00Bulk Density Mg/m³

0.00Dry Density Mg/m³

NoSoaked Test

TOPTest on

18Moisture Content %

Surcharge weight kg

2.5 5.0Penetration mm

0.60 0.99Force kN

4.6 4.9Corrected CBR %

BOTTOMTest on

15Moisture Content %

Surcharge weight kg

2.5 5.0Penetration mm

0.74 1.1Force kN

5.6 5.4Corrected CBR %

TOP BOTTOMTest on

4.9 5.6Reported CBR %

5.2Mean CBR %
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TP15 0.60 B7 Brown slightly sandy CLAY

DETERMINATION OF CALIFORNIA BEARING RATIO (CBR)

Laboratory Test Report - 40274/1

Job Number

40274

Page

Site : Warren Hall Site - Broughton

Client : Welsh Assembly Government

Method of Preparation : The specimen was prepared by Dynamic compression using a 2.5 kg Rammer
BS 1377:PART 1:1990:7.6.1 General  1990:7.6.5 California bearing ratio test  BS 1377:PART 4:1990:7.2 Preparation of test sample

Method of Test : BS 1377:PART 4:1990:7.4 Penetration test procedure

Remarks :

Borehole /

Trial Pit

Depth

(m)
Sample

%
Passing
20 mm
Sieve

Description

Penetration of plunger (mm)

Lo
ad

 o
n 

pl
un

ge
r 

(k
N

)

0.00 0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00 5.50 6.00 6.50 7.00 7.50 8.00
0.00

0.15

0.30

0.45

0.60

0.75

0.90

1.05

1.20

1.35

1.50

99 %

Moisture Content %

2.11Bulk Density Mg/m³

1.78Dry Density Mg/m³

NoSoaked Test

TOPTest on

19Moisture Content %

4.40Surcharge weight kg

2.5 5.0Penetration mm

0.60 0.97Force kN

4.5 4.9Corrected CBR %

BOTTOMTest on

18Moisture Content %

4.40Surcharge weight kg

2.5 5.0Penetration mm

0.71 1.1Force kN

5.4 5.3Corrected CBR %

TOP BOTTOMTest on

4.9 5.4Reported CBR %

5.2Mean CBR %
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Test Report : 40274/1

Site : Warren Hall Site - Broughton
Job Number : 40274
Originating Client : Welsh Assembly Government

All opinions and interpretations contained within this report are outside of our Scope of
Accreditation.

The following tests contained within this report are not UKAS Accredited.

Date of Issue : 31/1/08

Page 13 of 13



14 Faraday Close, District 15, Pattinson North Industrial Estate, Washington, Tyne & Wear, NE38 8QJ.
Tel.  0191 4166375  Fax. 0191 4191578 Email.  lab@ifawashington.co.uk  Internet.www.ianfarmerassociates.co.uk

Ian Farmer Associates (1998) Ltd
17 Rivington Court
Warrington
Cheshire
WA1 4RT

TEST REPORT - 40274A/1

F.A.O. Mr A Latimer

Site : Warren Hall, Broughton, Chester

Job Number : 40274A

Originating Client : OPUS

Originating Reference : 40274A

Date Sampled : Not Given

Date Scheduled : 16.01.08

Date Testing Started : 4/2/08

Date Testing Finished : 8/2/08

Remarks : First Report for above Job Number•
•Samples will be disposed of 28 days after the report is issue unless
otherwise agreed

•This report may contain results from tests which are not included within
the scope of the UKAS accreditation. Please see final sheet for details.

J.M. JonesAuthorised By:

Position : Senior Materials Engineer Date : 8/2/08

Ian Farmer Associates (1998) Limited.  Registered in England and Wales No. 3661447
Registered Office: Unit 1, Bamburgh Court, TVTE, Gateshead, Tyne & Wear, NE11 0TX

Offices in: Coventry (02476) 456565.   Harpenden, Herts.  (01582) 460018. Truro (01827) 261775
Warrington (01925) 855440.  Newcastle upon Tyne (0191) 4828500.  Motherwell (01698) 230231.

1464

Page 1 of 6



DETERMINATION OF MOISTURE CONTENT

Laboratory Test Report - 40274A/1

Borehole/
Trial Pit

Depth
(m)

Sample
Moisture
Content

%
Description

Job Number

40274A

Page

Site : Warren Hall, Broughton, Chester

Client : OPUS

Method of Preparation : BS 1377:PART 1:1990:7.3.3 Preparation of samples for classification tests

Method of Test : BS 1377:PART 2:1990:3.2 Determination of oven dried moisture content

Remarks :

TP07 1.50 D4 16 Brown slightly sandy gravelly CLAY
TP10 2.50 D9 19 Brown slightly sandy slightly gravelly CLAY
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DETERMINATION OF MOISTURE CONTENT, LIQUID LIMIT AND  PLASTIC LIMIT
AND DERIVATION OF PLASTICITY AND LIQUIDITY INDEX

Laboratory Test Report - 40274A/1

Borehole/
Trial Pit

Depth
(m) Sample

Natural
/

Sieved

Natural
Moisture
Content

%

Sample Passing
425µm Sieve

Percentage
%

Moisture
Content

%

Liquid
Limit

%

Plastic
Limit

%

Plasticity
Index

%
Liquidity

Index Class Description / Remarks

Job Number

40274A

Page

Site : Warren Hall, Broughton, Chester

Client : OPUS

Method of Preparation : BS 1377:PART 1:1990:7.4 Preparation of samples for classification tests  BS 1377:PART 2:1990:4.2 & 5.2 Sample preparations

Method of Test : BS 1377:PART 2:1990:3.2 Determination of moisture content  4.3 Determination of the liquid limit  5.3 Determination of the plastic limit and 
plasticity index

TP07 1.50 D4 Natural 16 95 17 29 16 13 0.08 CL Brown slightly sandy gravelly CLAY

TP10 2.50 D9 Natural 19 84 22 30 16 14 0.43 CL Brown slightly sandy slightly gravelly CLAY
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Grading Analysis

D85

D60

D10

Uniformity Coefficient

Particle Proportions

Cobbles + Boulders

Gravel

Sand

Silt

Clay

Sieve /
Particle

Size

%
Passing

DETERMINATION OF PARTICLE SIZE DISTRIBUTION

Laboratory Test Report - 40274A/1

Job Number

40274A

Page

Site : Warren Hall, Broughton, Chester

Client : OPUS

Method of Preparation : BS 1377:PART 1:1990:7.3 Initial preparation  7.4.5 Particle size tests

Preparation Details : Sample washed with washing dispersant, Oven Dried at 105 - 110°C

Method of Test : BS 1377:PART 2:1990:9 Determination of particle size distribution

Remarks :

Borehole /

Trial Pit

Depth

(m)
Sample

Pipette/

Hydrometer
Description

PipetteTP09 1.10 B3 Brown sandy CLAY

200 mm 100

150 mm 100

125 mm 100

90 mm 100

75 mm 100

63 mm 100

50 mm 100

37.5 mm 100

28 mm 100

20 mm 100

14 mm 99

10 mm 99

6.3 mm 98

5 mm 97

3.35 mm 95

2 mm 93

1.18 mm 92

600 µm 88

425 µm 85

300 µm 77

212 µm 68

150 µm 59

63 µm 53

20 µm 46

6 µm 40

2 µm 33

400.0 µm

200.0 µm

-

-

0%

7%

41%

19%

33%

0.002 0.006 0.02 0.06 0.2 0.6 2 6 20 60 200 600
0

10

20

30

40

50

60

70

80

90

100

Fine Medium Coarse Fine Medium Coarse Fine Medium Coarse
CLAY

SILT SAND GRAVEL
COBBLES BOULDERS
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DETERMINATION OF THE pH VALUE AND THE SULPHATE CONT ENT OF SOIL AND GROUNDWATER

Laboratory Test Report - 40274A/1

Borehole/
Trial Pit

Depth
(m) Sample

Concentration of Soluble Sulphate

%

Soil
S04 in 2:1Total S04
water:soil

g /l

Groundwater
g /l

Percentage
of sample
passing

2mm Sieve
%

pH Description / Remarks

Job Number

40274A

Page

Site : Warren Hall, Broughton, Chester

Client : OPUS

Method of Preparation : BS 1377:PART 1:1990:7.5 Preparation of soil for chemical tests  BS 1377:PART 3:1990:5.2, 5.3, 5.4 & 9.4

Method of Test : BS 1377:PART 3:1990:5 Determination of the sulphate content of soil and ground water  BS 1377:PART 3:1990:9 Determination of the pH value

TP11 1.00 D4 0.1 96 7.6 Brown slightly gravelly CLAY
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Test Report : 40274A/1

Site : Warren Hall, Broughton, Chester
Job Number : 40274A
Originating Client : OPUS

All opinions and interpretations contained within this report are outside of our Scope of
Accreditation.

The following tests contained within this report are not UKAS Accredited.

Date of Issue : 8/2/08

Page 6 of 6



14 Faraday Close, District 15, Pattinson North Industrial Estate, Washington, Tyne & Wear, NE38 8QJ.
Tel.  0191 4166375  Fax. 0191 4191578 Email.  lab@ifawashington.co.uk  Internet.www.ianfarmerassociates.co.uk

Ian Farmer Associates (1998) Ltd
17 Rivington Court
Warrington
Cheshire
WA1 4RT

TEST REPORT - 40274C/1

F.A.O. Mr A Latimer

Site : Warren Hall Site - Broughton

Job Number : 40274C

Originating Client : Welsh Assembly Government

Originating Reference : 40274C

Date Sampled : Not Given

Date Scheduled : 25.01.08

Date Testing Started : 1/2/08

Date Testing Finished : 20/2/08

Remarks : First Report for above Job Number•
•Samples will be disposed of 28 days after the report is issue unless
otherwise agreed

•This report may contain results from tests which are not included within
the scope of the UKAS accreditation. Please see final sheet for details.

J.M. JonesAuthorised By:

Position : Senior Materials Engineer Date : 20/2/08

Ian Farmer Associates (1998) Limited.  Registered in England and Wales No. 3661447
Registered Office: Unit 1, Bamburgh Court, TVTE, Gateshead, Tyne & Wear, NE11 0TX

Offices in: Coventry (02476) 456565.   Harpenden, Herts.  (01582) 460018. Truro (01827) 261775
Warrington (01925) 855440.  Newcastle upon Tyne (0191) 4828500.  Motherwell (01698) 230231.

1464
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DETERMINATION OF MOISTURE CONTENT

Laboratory Test Report - 40274C/1

Borehole/
Trial Pit

Depth
(m)

Sample
Moisture
Content

%
Description

Job Number

40274C

Page

Site : Warren Hall Site - Broughton

Client : Welsh Assembly Government

Method of Preparation : BS 1377:PART 1:1990:7.3.3 Preparation of samples for classification tests

Method of Test : BS 1377:PART 2:1990:3.2 Determination of oven dried moisture content

Remarks :

BH02 5.00 D17 8.5 Brown sandy gravelly CLAY
BH03 3.00 U7 15 Brown slightly gravelly CLAY
BH04 3.00 B7 27 Brown silty clayey SAND
BH06 1.20 D4 16 Brown slightly sandy slightly gravelly CLAY
BH07 2.00 U5 27 Brown slightly sandy slightly gravelly SAND
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DETERMINATION OF MOISTURE CONTENT, LIQUID LIMIT AND  PLASTIC LIMIT
AND DERIVATION OF PLASTICITY AND LIQUIDITY INDEX

Laboratory Test Report - 40274C/1

Borehole/
Trial Pit

Depth
(m) Sample

Natural
/

Sieved

Natural
Moisture
Content

%

Sample Passing
425µm Sieve

Percentage
%

Moisture
Content

%

Liquid
Limit

%

Plastic
Limit

%

Plasticity
Index

%
Liquidity

Index Class Description / Remarks

Job Number

40274C

Page

Site : Warren Hall Site - Broughton

Client : Welsh Assembly Government

Method of Preparation : BS 1377:PART 1:1990:7.4 Preparation of samples for classification tests  BS 1377:PART 2:1990:4.2 & 5.2 Sample preparations

Method of Test : BS 1377:PART 2:1990:3.2 Determination of moisture content  4.3 Determination of the liquid limit  5.3 Determination of the plastic limit and 
plasticity index

BH02 5.00 D17 Natural 8.5 80 9.4 24 14 10 -0.46 CL Brown sandy gravelly CLAY

BH03 3.00 U7 Natural 15 92 15 24 14 10 0.10 CL Brown slightly gravelly CLAY

BH04 3.00 B7 Natural 27 72 36 24 15 9 2.33 CL Brown silty clayey SAND

BH06 1.20 D4 Natural 16 98 16 24 14 10 0.20 CL Brown slightly sandy slightly gravelly CLAY

BH07 2.00 U5 Natural 27 94 29 NP Brown slightly sandy slightly gravelly SAND
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Grading Analysis

D85

D60

D10

Uniformity Coefficient

Particle Proportions

Cobbles + Boulders

Gravel

Sand

Silt/Clay

Sieve /
Particle

Size

%
Passing

DETERMINATION OF PARTICLE SIZE DISTRIBUTION

Laboratory Test Report - 40274C/1

Job Number

40274C

Page

Site : Warren Hall Site - Broughton

Client : Welsh Assembly Government

Method of Preparation : BS 1377:PART 1:1990:7.3 Initial preparation  7.4.5 Particle size tests

Preparation Details : Sample washed with washing dispersant, Oven Dried at 105 - 110°C

Method of Test : BS 1377:PART 2:1990:9 Determination of particle size distribution

Remarks :

Borehole /

Trial Pit

Depth

(m)
Sample

Pipette/

Hydrometer
Description

N/ABH02 2.00 B9 Brown sandy GRAVEL

200 mm 100

150 mm 100

125 mm 100

90 mm 100

75 mm 100

63 mm 100

50 mm 100

37.5 mm 95

28 mm 88

20 mm 79

14 mm 72

10 mm 66

6.3 mm 60

5 mm 58

3.35 mm 51

2 mm 41

1.18 mm 32

600 µm 19

425 µm 14

300 µm 8

212 µm 5

150 µm 3

63 µm 2

25.0 mm

6.3 mm

337.0 µm

18.7

0%

59%

39%

2%

0.002 0.006 0.02 0.06 0.2 0.6 2 6 20 60 200 600
0

10
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100

Fine Medium Coarse Fine Medium Coarse Fine Medium Coarse
CLAY

SILT SAND GRAVEL
COBBLES BOULDERS
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Grading Analysis

D85

D60

D10

Uniformity Coefficient

Particle Proportions

Cobbles + Boulders

Gravel

Sand

Silt

Clay

Sieve /
Particle

Size

%
Passing

DETERMINATION OF PARTICLE SIZE DISTRIBUTION

Laboratory Test Report - 40274C/1

Job Number

40274C

Page

Site : Warren Hall Site - Broughton

Client : Welsh Assembly Government

Method of Preparation : BS 1377:PART 1:1990:7.3 Initial preparation  7.4.5 Particle size tests

Preparation Details : Sample washed with washing dispersant, Oven Dried at 105 - 110°C

Method of Test : BS 1377:PART 2:1990:9 Determination of particle size distribution

Remarks :

Borehole /

Trial Pit

Depth

(m)
Sample

Pipette/

Hydrometer
Description

PipetteBH03 2.00 B5 Brown sandy CLAY

200 mm 100

150 mm 100

125 mm 100

90 mm 100

75 mm 100

63 mm 100

50 mm 100

37.5 mm 100

28 mm 100

20 mm 100

14 mm 100

10 mm 100

6.3 mm 100

5 mm 95

3.35 mm 95

2 mm 94

1.18 mm 94

600 µm 93

425 µm 92

300 µm 89

212 µm 82

150 µm 74

63 µm 52

20 µm 18

6 µm 12

2 µm 9

200.0 µm

100.0 µm

3.0 µm

29.8

0%

6%

43%

42%

9%

0.002 0.006 0.02 0.06 0.2 0.6 2 6 20 60 200 600
0

10

20
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40

50

60
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90

100

Fine Medium Coarse Fine Medium Coarse Fine Medium Coarse
CLAY

SILT SAND GRAVEL
COBBLES BOULDERS
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Grading Analysis

D85

D60

D10

Uniformity Coefficient

Particle Proportions

Cobbles + Boulders

Gravel

Sand

Silt/Clay

Sieve /
Particle

Size

%
Passing

DETERMINATION OF PARTICLE SIZE DISTRIBUTION

Laboratory Test Report - 40274C/1

Job Number

40274C

Page

Site : Warren Hall Site - Broughton

Client : Welsh Assembly Government

Method of Preparation : BS 1377:PART 1:1990:7.3 Initial preparation  7.4.5 Particle size tests

Preparation Details : Sample washed with washing dispersant, Oven Dried at 105 - 110°C

Method of Test : BS 1377:PART 2:1990:9 Determination of particle size distribution

Remarks :

Borehole /

Trial Pit

Depth

(m)
Sample

Pipette/

Hydrometer
Description

N/ABH04 2.00 B5 Brown SAND

200 mm 100

150 mm 100

125 mm 100

90 mm 100

75 mm 100

63 mm 100

50 mm 100

37.5 mm 100

28 mm 100

20 mm 95

14 mm 93

10 mm 93

6.3 mm 92

5 mm 92

3.35 mm 91

2 mm 90

1.18 mm 90

600 µm 86

425 µm 78

300 µm 57

212 µm 40

150 µm 30

63 µm 16

600.0 µm

300.0 µm

-

-

0%

10%

74%

16%

0.002 0.006 0.02 0.06 0.2 0.6 2 6 20 60 200 600
0

10

20
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40

50
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90

100

Fine Medium Coarse Fine Medium Coarse Fine Medium Coarse
CLAY

SILT SAND GRAVEL
COBBLES BOULDERS
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Grading Analysis

D85

D60

D10

Uniformity Coefficient

Particle Proportions

Cobbles + Boulders

Gravel

Sand

Silt

Clay

Sieve /
Particle

Size

%
Passing

DETERMINATION OF PARTICLE SIZE DISTRIBUTION

Laboratory Test Report - 40274C/1

Job Number

40274C

Page

Site : Warren Hall Site - Broughton

Client : Welsh Assembly Government

Method of Preparation : BS 1377:PART 1:1990:7.3 Initial preparation  7.4.5 Particle size tests

Preparation Details : Sample washed with no dispersant used, Oven Dried at 105 - 110°C

Method of Test : BS 1377:PART 2:1990:9 Determination of particle size distribution

Remarks :

Borehole /

Trial Pit

Depth

(m)
Sample

Pipette/

Hydrometer
Description

PipetteBH04 3.00 B7 Brown silty clayey SAND

200 mm 100

150 mm 100

125 mm 100

90 mm 100

75 mm 100

63 mm 100

50 mm 100

37.5 mm 100

28 mm 100

20 mm 100

14 mm 100

10 mm 100

6.3 mm 100

5 mm 100

3.35 mm 99

2 mm 98

1.18 mm 97

600 µm 96

425 µm 94

300 µm 86

212 µm 72

150 µm 57

63 µm 16

20 µm 5

6 µm 3

2 µm 1

300.0 µm

200.0 µm

34.0 µm

4.8

0%

2%

82%

14%

1%

0.002 0.006 0.02 0.06 0.2 0.6 2 6 20 60 200 600
0

10
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100

Fine Medium Coarse Fine Medium Coarse Fine Medium Coarse
CLAY

SILT SAND GRAVEL
COBBLES BOULDERS
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Grading Analysis

D85

D60

D10

Uniformity Coefficient

Particle Proportions

Cobbles + Boulders

Gravel

Sand

Silt

Clay

Sieve /
Particle

Size

%
Passing

DETERMINATION OF PARTICLE SIZE DISTRIBUTION

Laboratory Test Report - 40274C/1

Job Number

40274C

Page

Site : Warren Hall Site - Broughton

Client : Welsh Assembly Government

Method of Preparation : BS 1377:PART 1:1990:7.3 Initial preparation  7.4.5 Particle size tests

Preparation Details : Sample washed with washing dispersant, Oven Dried at 105 - 110°C

Method of Test : BS 1377:PART 2:1990:9 Determination of particle size distribution

Remarks :

Borehole /

Trial Pit

Depth

(m)
Sample

Pipette/

Hydrometer
Description

PipetteBH06 0.20 B2 Brown sandy CLAY

200 mm 100

150 mm 100

125 mm 100

90 mm 100

75 mm 100

63 mm 100

50 mm 100

37.5 mm 100

28 mm 100

20 mm 100

14 mm 99

10 mm 99

6.3 mm 99

5 mm 98

3.35 mm 98

2 mm 97

1.18 mm 96

600 µm 96

425 µm 94

300 µm 89

212 µm 79

150 µm 68

63 µm 47

20 µm 39

6 µm 28

2 µm 16

300.0 µm

100.0 µm

-

-

0%

3%

50%

30%

16%

0.002 0.006 0.02 0.06 0.2 0.6 2 6 20 60 200 600
0

10

20
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100

Fine Medium Coarse Fine Medium Coarse Fine Medium Coarse
CLAY

SILT SAND GRAVEL
COBBLES BOULDERS
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Grading Analysis

D85

D60

D10

Uniformity Coefficient

Particle Proportions

Cobbles + Boulders

Gravel

Sand

Silt

Clay

Sieve /
Particle

Size

%
Passing

DETERMINATION OF PARTICLE SIZE DISTRIBUTION

Laboratory Test Report - 40274C/1

Job Number

40274C

Page

Site : Warren Hall Site - Broughton

Client : Welsh Assembly Government

Method of Preparation : BS 1377:PART 1:1990:7.3 Initial preparation  7.4.5 Particle size tests

Preparation Details : Sample washed with no dispersant used, Oven Dried at 105 - 110°C

Method of Test : BS 1377:PART 2:1990:9 Determination of particle size distribution

Remarks :

Borehole /

Trial Pit

Depth

(m)
Sample

Pipette/

Hydrometer
Description

PipetteBH06 1.20 D4 Brown slightly sandy slightly gravelly CLAY

5 mm 89

3.35 mm 88

2 mm 87

1.18 mm 86

600 µm 84

425 µm 82

300 µm 75

212 µm 62

150 µm 45

63 µm 3

20 µm 1

6 µm 1

2 µm 0

800.0 µm

200.0 µm

73.0 µm

2.8

0%

13%

84%

2%

0%

0.002 0.006 0.02 0.06 0.2 0.6 2 6 20 60 200 600
0

10

20

30

40

50

60

70

80

90

100

Fine Medium Coarse Fine Medium Coarse Fine Medium Coarse
CLAY

SILT SAND GRAVEL
COBBLES BOULDERS
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Grading Analysis

D85

D60

D10

Uniformity Coefficient

Particle Proportions

Cobbles + Boulders

Gravel

Sand

Silt

Clay

Sieve /
Particle

Size

%
Passing

DETERMINATION OF PARTICLE SIZE DISTRIBUTION

Laboratory Test Report - 40274C/1

Job Number

40274C

Page

Site : Warren Hall Site - Broughton

Client : Welsh Assembly Government

Method of Preparation : BS 1377:PART 1:1990:7.3 Initial preparation  7.4.5 Particle size tests

Preparation Details : Sample washed with no dispersant used, Oven Dried at 105 - 110°C

Method of Test : BS 1377:PART 2:1990:9 Determination of particle size distribution

Remarks :

Borehole /

Trial Pit

Depth

(m)
Sample

Pipette/

Hydrometer
Description

PipetteBH07 3.00 D8 Brown slightly sandy slightly gravelly CLAY

5 mm 95

3.35 mm 93

2 mm 90

1.18 mm 78

600 µm 74

425 µm 71

300 µm 63

212 µm 53

150 µm 42

63 µm 27

20 µm 12

6 µm 8

2 µm 6

1.6 mm

300.0 µm

11.0 µm

24.6

0%

10%

64%

21%

6%

0.002 0.006 0.02 0.06 0.2 0.6 2 6 20 60 200 600
0

10

20

30

40

50

60

70
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90

100

Fine Medium Coarse Fine Medium Coarse Fine Medium Coarse
CLAY

SILT SAND GRAVEL
COBBLES BOULDERS
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DETERMINATION OF THE pH VALUE AND THE SULPHATE CONT ENT OF SOIL AND GROUNDWATER

Laboratory Test Report - 40274C/1

Borehole/
Trial Pit

Depth
(m) Sample

Concentration of Soluble Sulphate

%

Soil
S04 in 2:1Total S04
water:soil

g /l

Groundwater
g /l

Percentage
of sample
passing

2mm Sieve
%

pH Description / Remarks

Job Number

40274C

Page

Site : Warren Hall Site - Broughton

Client : Welsh Assembly Government

Method of Preparation : BS 1377:PART 1:1990:7.5 Preparation of soil for chemical tests  BS 1377:PART 3:1990:5.2, 5.3, 5.4 & 9.4

Method of Test : BS 1377:PART 3:1990:5 Determination of the sulphate content of soil and ground water  BS 1377:PART 3:1990:9 Determination of the pH value

BH02 0.20 D2 <0.1 51 6.1 Brown slightly sandy slightly gravelly CLAY

BH03 1.70 D4 0.1 50 7.2 Brown sandy CLAY

BH04 2.70 W9 0.04 8.2

BH05 1.30 D3 0.1 98 7.2 Brown gravelly SAND

BH06 1.20 D4 0.4 96 7.2 Brown slightly sandy slightly gravelly CLAY

BH06 2.20 D5 0.1 46 7.1 Brown slightly sandy slightly gravelly CLAY

BH07 1.20 D4 0.4 66 7.0 Brown slightly sandy slightly gravelly CLAY

11 / 29



BH03 0.30 B2 Brown sandy CLAY

DETERMINATION OF CALIFORNIA BEARING RATIO (CBR)

Laboratory Test Report - 40274C/1

Job Number

40274C

Page

Site : Warren Hall Site - Broughton

Client : Welsh Assembly Government

Method of Preparation : The specimen was prepared by Dynamic compression using a 2.5 kg Rammer
BS 1377:PART 1:1990:7.6.1 General  1990:7.6.5 California bearing ratio test  BS 1377:PART 4:1990:7.2 Preparation of test sample

Method of Test : BS 1377:PART 4:1990:7.4 Penetration test procedure

Remarks :

Borehole /

Trial Pit

Depth

(m)
Sample

%
Passing
20 mm
Sieve

Description

Penetration of plunger (mm)

Lo
ad

 o
n 

pl
un

ge
r 

(k
N

)

0.00 0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00 5.50 6.00 6.50 7.00 7.50 8.00
0.00

0.12

0.24

0.36

0.48

0.60

0.72

0.84

0.96

1.08

1.20

100 %

Moisture Content %

2.15Bulk Density Mg/m³

2.15Dry Density Mg/m³

NoSoaked Test

TOPTest on

14Moisture Content %

4.40Surcharge weight kg

2.5 5.0Penetration mm

0.22 0.44Force kN

1.7 2.2Corrected CBR %

BOTTOMTest on

13Moisture Content %

4.40Surcharge weight kg

2.5 5.0Penetration mm

0.22 0.38Force kN

1.7 1.9Corrected CBR %

TOP BOTTOMTest on

2.2 1.9Reported CBR %

2.0Mean CBR %
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BH04 1.20 B3 Brown SAND

DETERMINATION OF CALIFORNIA BEARING RATIO (CBR)

Laboratory Test Report - 40274C/1

Job Number

40274C

Page

Site : Warren Hall Site - Broughton

Client : Welsh Assembly Government

Method of Preparation : The specimen was prepared by Dynamic compression using a 2.5 kg Rammer
BS 1377:PART 1:1990:7.6.1 General  1990:7.6.5 California bearing ratio test  BS 1377:PART 4:1990:7.2 Preparation of test sample

Method of Test : BS 1377:PART 4:1990:7.4 Penetration test procedure

Remarks :

Borehole /

Trial Pit

Depth

(m)
Sample

%
Passing
20 mm
Sieve

Description

Penetration of plunger (mm)

Lo
ad

 o
n 

pl
un

ge
r 

(k
N

)

0.00 0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00 5.50 6.00 6.50 7.00 7.50 8.00
0.00

0.12

0.24

0.36

0.48

0.60

0.72

0.84

0.96

1.08

1.20

100 %

Moisture Content %

2.15Bulk Density Mg/m³

1.90Dry Density Mg/m³

NoSoaked Test

TOPTest on

13Moisture Content %

4.40Surcharge weight kg

2.5 5.0Penetration mm

0.22 0.46Force kN

1.7 2.3Corrected CBR %

BOTTOMTest on

13Moisture Content %

4.40Surcharge weight kg

2.5 5.0Penetration mm

0.23 0.39Force kN

1.7 2.0Corrected CBR %

TOP BOTTOMTest on

2.3 2.0Reported CBR %

2.2Mean CBR %
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BH05 0.50 B2 Brown gravelly SAND

DETERMINATION OF CALIFORNIA BEARING RATIO (CBR)

Laboratory Test Report - 40274C/1

Job Number

40274C

Page

Site : Warren Hall Site - Broughton

Client : Welsh Assembly Government

Method of Preparation : The specimen was prepared by Dynamic compression using a 2.5 kg Rammer
BS 1377:PART 1:1990:7.6.1 General  1990:7.6.5 California bearing ratio test  BS 1377:PART 4:1990:7.2 Preparation of test sample

Method of Test : BS 1377:PART 4:1990:7.4 Penetration test procedure

Remarks :

Borehole /

Trial Pit

Depth

(m)
Sample

%
Passing
20 mm
Sieve

Description

Penetration of plunger (mm)

Lo
ad

 o
n 

pl
un

ge
r 

(k
N

)

0.00 0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00 5.50 6.00 6.50 7.00 7.50 8.00
0.00

0.12

0.24

0.36

0.48

0.60

0.72

0.84

0.96

1.08

1.20

100 %

Moisture Content %

2.15Bulk Density Mg/m³

2.15Dry Density Mg/m³

NoSoaked Test

TOPTest on

13Moisture Content %

4.40Surcharge weight kg

2.5 5.0Penetration mm

0.24 0.45Force kN

1.8 2.2Corrected CBR %

BOTTOMTest on

13Moisture Content %

4.40Surcharge weight kg

2.5 5.0Penetration mm

0.23 0.39Force kN

1.7 2.0Corrected CBR %

TOP BOTTOMTest on

2.2 2.0Reported CBR %

2.1Mean CBR %
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Length of Sample (mm) 450

Depth from top of sample (mm) 50

Condition of Sample: Undisturbed

Orientation: Vertical

DETERMINATION OF MOISTURE CONTENT, DENSITY AND UNDRAINED SHEAR STRENGTH
IN TRIAXIAL COMPRESSION WITHOUT MEASUREMENT OF PORE  PRESSURE (DEFINITIVE METHOD)

Laboratory Test Report - 40274C/1

BH03 3.00 U7 Brown slightly gravelly CLAY

40274C

Job Number

Page

Site : Warren Hall Site - Broughton

Client : Welsh Assembly Government

Method of Preparation : BS 1377:PT1:1990:7.4.2 Moisture Content, BS 1377:PT1:1990:8.3 Preparation of undisturbed samples for testing or BS 1377:PT1:1990 :7.7.5.2 
Preparation of disturbed samples for testing.

Method of Test : BS 1377:PT2:1990:3.2 Determination of moisture content, BS 1377:PT2:1990:7.2 Determination of density by linear measurement and 
BS1377:PT7:1990:8.4 Determination of undrained shear strength in triaxial compression without measurement of pore pressure (definitive 
method)

Remarks :

Borehole /

Trial Pit

Depth

(m)
Sample Description

Test Type

Length of Specimen (mm)

Diameter of Specimen (mm)

Moisture Content (%)

Bulk Density (Mg/m³)

Dry Density (Mg/m³)

Membrane Thickness (mm)

Membrane Type

Rate of Strain (%/min)

Measured Cell Pressure (kPa)

Strain at Failure (%)

Membrane Correction (kPa)

Corrected Deviator Stress (kPa)

Shear Stress (kPa)

Mode of Failure (B/P/C)

Single Stage

209.1

101.5

15

2.34

2.04

0.3

Latex

1.91

60

17.2

1.0

284

142

Plastic

T
es

t R
es

ul
ts

15 / 29



M
ax

 D
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Strain %
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348

406

464

522

 Membrane Type: Latex

In
iti

al
 S

pe
ci

m
en

Length of Sample (mm) 450

Depth from top of sample (mm) 50

Condition of Sample: Undisturbed

Orientation: Vertical

DETERMINATION OF MOISTURE CONTENT, DENSITY AND UNDRAINED SHEAR STRENGTH
IN TRIAXIAL COMPRESSION WITHOUT MEASUREMENT OF PORE  PRESSURE (DEFINITIVE METHOD)

Laboratory Test Report - 40274C/1

BH07 2.00 U5 Brown slightly sandy slightly gravelly SAND

40274C

Job Number

Page

Site : Warren Hall Site - Broughton

Client : Welsh Assembly Government

Method of Preparation : BS 1377:PT1:1990:7.4.2 Moisture Content, BS 1377:PT1:1990:8.3 Preparation of undisturbed samples for testing or BS 1377:PT1:1990 :7.7.5.2 
Preparation of disturbed samples for testing.

Method of Test : BS 1377:PT2:1990:3.2 Determination of moisture content, BS 1377:PT2:1990:7.2 Determination of density by linear measurement and 
BS1377:PT7:1990:8.4 Determination of undrained shear strength in triaxial compression without measurement of pore pressure (definitive 
method)

Remarks :

Borehole /

Trial Pit

Depth

(m)
Sample Description

Test Type

Length of Specimen (mm)

Diameter of Specimen (mm)

Moisture Content (%)

Bulk Density (Mg/m³)

Dry Density (Mg/m³)

Membrane Thickness (mm)

Membrane Type

Rate of Strain (%/min)

Measured Cell Pressure (kPa)

Strain at Failure (%)

Membrane Correction (kPa)

Corrected Deviator Stress (kPa)

Shear Stress (kPa)

Mode of Failure (B/P/C)

Single Stage

209.6

101.1

17

2.27

1.93

0.36

Latex

1.91

40

14.3

1.1

573

287

Plastic

T
es

t R
es

ul
ts
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ONE-DIMENSIONAL CONSOLIDATION TEST

Laboratory Test Report - 40274C/1

Borehole /

Trial Pit

Depth

(m)
Sample Description

Job Number

40274C

Page

Site : Warren Hall Site - Broughton

Client : Welsh Assembly Government

Method of Test : BS 1377:PART 5:1990:3.5

Remarks :

BH03 3.00 U7 Brown slightly gravelly CLAY

Method of Preparation : BS 1377:PART 5:1990:3.3, 3.4

In
iti

al
 S

pe
ci

m
en

Length of Sample (mm) 450

Depth from top of sample (mm) 50

Condition of Sample: Undisturbed

Orientation: Vertical

Diameter (mm) 75.00

Particle Density (Mg/m³)
(Assumed)

2.65

Swelling Pressure (kN/m²)-

Lab Temp (°C) 19

Inital Final

Height (mm) 19.00 18.72

Wet Weight (g) 179.10 180.38

Moisture Content (%) 14 8.66

Bulk Density (Mg/m³) 2.13 2.18

Dry Density (Mg/m³) 1.86 2.01

Void Ratio 0.425 0.318

Degree of Saturation (%) 89.79 72.17

Pressure
kN/m²

30

60

160

260

30

Mv
m²/MN

0.07

0.19

0.10

0.07

0.04

Cv
m²/year

103

29

57

57

43

Void
Ratio

0.419

0.403

0.372

0.353

0.383

Pressure
kN/m²

Mv
m²/MN

Cv
m²/year

Void
Ratio

0.35

0.36

0.37

0.38

0.39

0.40

0.41

0.42

10 100

PRESSURE kN/m²

V
O

ID
 R

A
T

IO
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ONE-DIMENSIONAL CONSOLIDATION TEST

Laboratory Test Report - 40274C/1

Borehole /

Trial Pit

Depth

(m)
Sample Stage Description

Job Number

40274C

Page

Site : Warren Hall Site - Broughton

Client : Welsh Assembly Government

Method of Test : BS 1377:PART 5:1990:3.5

Remarks :

BH03 3.00 U7 Brown slightly gravelly CLAY

Method of Preparation : BS 1377:PART 5:1990:3.3, 3.4

1
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S
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m
m

)
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Log Time (mins)
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S
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)
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Square root time (mins)
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ONE-DIMENSIONAL CONSOLIDATION TEST

Laboratory Test Report - 40274C/1

Borehole /

Trial Pit

Depth

(m)
Sample Stage Description

Job Number

40274C

Page

Site : Warren Hall Site - Broughton

Client : Welsh Assembly Government

Method of Test : BS 1377:PART 5:1990:3.5

Remarks :

BH03 3.00 U7 Brown slightly gravelly CLAY

Method of Preparation : BS 1377:PART 5:1990:3.3, 3.4

2

0.19
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0.13

0.11
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0.07

0.05
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)
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Log Time (mins)
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0.11

0.09

0.07

0.05

0.03

0.01

-0.01

C
um

ul
at

iv
e 

S
et

tle
m

en
t (

m
m

)
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Square root time (mins)
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ONE-DIMENSIONAL CONSOLIDATION TEST

Laboratory Test Report - 40274C/1

Borehole /

Trial Pit

Depth

(m)
Sample Stage Description

Job Number

40274C

Page

Site : Warren Hall Site - Broughton

Client : Welsh Assembly Government

Method of Test : BS 1377:PART 5:1990:3.5

Remarks :

BH03 3.00 U7 Brown slightly gravelly CLAY

Method of Preparation : BS 1377:PART 5:1990:3.3, 3.4
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ONE-DIMENSIONAL CONSOLIDATION TEST

Laboratory Test Report - 40274C/1

Borehole /

Trial Pit

Depth

(m)
Sample Stage Description

Job Number

40274C

Page

Site : Warren Hall Site - Broughton

Client : Welsh Assembly Government

Method of Test : BS 1377:PART 5:1990:3.5

Remarks :

BH03 3.00 U7 Brown slightly gravelly CLAY

Method of Preparation : BS 1377:PART 5:1990:3.3, 3.4
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ONE-DIMENSIONAL CONSOLIDATION TEST

Laboratory Test Report - 40274C/1

Borehole /

Trial Pit

Depth

(m)
Sample Stage Description

Job Number

40274C

Page

Site : Warren Hall Site - Broughton

Client : Welsh Assembly Government

Method of Test : BS 1377:PART 5:1990:3.5

Remarks :

BH03 3.00 U7 Brown slightly gravelly CLAY

Method of Preparation : BS 1377:PART 5:1990:3.3, 3.4
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ONE-DIMENSIONAL CONSOLIDATION TEST

Laboratory Test Report - 40274C/1

Borehole /

Trial Pit

Depth

(m)
Sample Description

Job Number

40274C

Page

Site : Warren Hall Site - Broughton

Client : Welsh Assembly Government

Method of Test : BS 1377:PART 5:1990:3.5

Remarks :

BH07 2.00 U5 Brown slightly sandy slightly gravelly SAND

Method of Preparation : BS 1377:PART 5:1990:3.3, 3.4

In
iti

al
 S

pe
ci

m
en

Length of Sample (mm) 450

Depth from top of sample (mm) 50

Condition of Sample: Undisturbed

Orientation: Vertical

Diameter (mm) 75.00

Particle Density (Mg/m³)
(Assumed)

2.65

Swelling Pressure (kN/m²)-

Lab Temp (°C) 19

Inital Final

Height (mm) 19.00 17.89

Wet Weight (g) 207.94 206.60

Moisture Content (%) 14 6.49

Bulk Density (Mg/m³) 2.48 2.61

Dry Density (Mg/m³) 2.17 2.45

Void Ratio 0.221 0.082

Degree of Saturation (%) 171.47 209.74

Pressure
kN/m²

20

40

140

240

20

Mv
m²/MN

1.3

0.46

0.25

0.14

0.06

Cv
m²/year

24

38

89

148

112

Void
Ratio

0.156

0.134

0.073

0.039

0.076

Pressure
kN/m²

Mv
m²/MN

Cv
m²/year

Void
Ratio

0.03

0.05

0.07

0.09

0.11

0.13

0.15

10 100

PRESSURE kN/m²

V
O

ID
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A
T

IO
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ONE-DIMENSIONAL CONSOLIDATION TEST

Laboratory Test Report - 40274C/1

Borehole /

Trial Pit

Depth

(m)
Sample Stage Description

Job Number

40274C

Page

Site : Warren Hall Site - Broughton

Client : Welsh Assembly Government

Method of Test : BS 1377:PART 5:1990:3.5

Remarks :

BH07 2.00 U5 Brown slightly sandy slightly gravelly SAND

Method of Preparation : BS 1377:PART 5:1990:3.3, 3.4
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ONE-DIMENSIONAL CONSOLIDATION TEST

Laboratory Test Report - 40274C/1

Borehole /

Trial Pit

Depth

(m)
Sample Stage Description

Job Number

40274C

Page

Site : Warren Hall Site - Broughton

Client : Welsh Assembly Government

Method of Test : BS 1377:PART 5:1990:3.5

Remarks :

BH07 2.00 U5 Brown slightly sandy slightly gravelly SAND

Method of Preparation : BS 1377:PART 5:1990:3.3, 3.4
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ONE-DIMENSIONAL CONSOLIDATION TEST

Laboratory Test Report - 40274C/1

Borehole /

Trial Pit

Depth

(m)
Sample Stage Description

Job Number

40274C

Page

Site : Warren Hall Site - Broughton

Client : Welsh Assembly Government

Method of Test : BS 1377:PART 5:1990:3.5

Remarks :

BH07 2.00 U5 Brown slightly sandy slightly gravelly SAND

Method of Preparation : BS 1377:PART 5:1990:3.3, 3.4
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ONE-DIMENSIONAL CONSOLIDATION TEST

Laboratory Test Report - 40274C/1

Borehole /

Trial Pit

Depth

(m)
Sample Stage Description

Job Number

40274C

Page

Site : Warren Hall Site - Broughton

Client : Welsh Assembly Government

Method of Test : BS 1377:PART 5:1990:3.5

Remarks :

BH07 2.00 U5 Brown slightly sandy slightly gravelly SAND

Method of Preparation : BS 1377:PART 5:1990:3.3, 3.4
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ONE-DIMENSIONAL CONSOLIDATION TEST

Laboratory Test Report - 40274C/1

Borehole /

Trial Pit

Depth

(m)
Sample Stage Description

Job Number

40274C

Page

Site : Warren Hall Site - Broughton

Client : Welsh Assembly Government

Method of Test : BS 1377:PART 5:1990:3.5

Remarks :

BH07 2.00 U5 Brown slightly sandy slightly gravelly SAND

Method of Preparation : BS 1377:PART 5:1990:3.3, 3.4
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Test Report : 40274C/1

Site : Warren Hall Site - Broughton
Job Number : 40274C
Originating Client : Welsh Assembly Government

All opinions and interpretations contained within this report are outside of our Scope of
Accreditation.

The following tests contained within this report are not UKAS Accredited.
One - Dimensional Consolidation

Date of Issue : 20/2/08
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14 Faraday Close, District 15, Pattinson North Industrial Estate, Washington, Tyne & Wear, NE38 8QJ.
Tel.  0191 4166375  Fax. 0191 4191578 Email.  lab@ifawashington.co.uk  Internet.www.ianfarmerassociates.co.uk

Ian Farmer Associates (1998) Ltd
17 Rivington Court
Warrington
Cheshire
WA1 4RT

TEST REPORT - 40274D/1

F.A.O. Mr A Latimer

Site : Warren Hall Site - Broughton

Job Number : 40274D

Originating Client : Welsh Assembly Government

Originating Reference : 40274D

Date Sampled : Not Given

Date Scheduled : 25.01.08

Date Testing Started : 3/2/08

Date Testing Finished : 19/2/08

Remarks : First Report for above Job Number•
•Samples will be disposed of 28 days after the report is issue unless
otherwise agreed

•This report may contain results from tests which are not included within
the scope of the UKAS accreditation. Please see final sheet for details.

J.M. JonesAuthorised By:

Position : Senior Materials Engineer Date : 19/2/08

Ian Farmer Associates (1998) Limited.  Registered in England and Wales No. 3661447
Registered Office: Unit 1, Bamburgh Court, TVTE, Gateshead, Tyne & Wear, NE11 0TX

Offices in: Coventry (02476) 456565.   Harpenden, Herts.  (01582) 460018. Truro (01827) 261775
Warrington (01925) 855440.  Newcastle upon Tyne (0191) 4828500.  Motherwell (01698) 230231.

1464
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DETERMINATION OF MOISTURE CONTENT

Laboratory Test Report - 40274D/1

Borehole/
Trial Pit

Depth
(m)

Sample
Moisture
Content

%
Description

Job Number

40274D

Page

Site : Warren Hall Site - Broughton

Client : Welsh Assembly Government

Method of Preparation : BS 1377:PART 1:1990:7.3.3 Preparation of samples for classification tests

Method of Test : BS 1377:PART 2:1990:3.2 Determination of oven dried moisture content

Remarks :

BH09 2.00 U5 15 Brown sandy CLAY
BH10 3.00 U13 17 Brown sandy CLAY
BH11 1.70 D4 16 Brown slightly gravelly CLAY
BH12 5.50 D13 40 Brown CLAY
BH13 0.40 B2 16 Brown slightly gravelly CLAY
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DETERMINATION OF MOISTURE CONTENT, LIQUID LIMIT AND  PLASTIC LIMIT
AND DERIVATION OF PLASTICITY AND LIQUIDITY INDEX

Laboratory Test Report - 40274D/1

Borehole/
Trial Pit

Depth
(m) Sample

Natural
/

Sieved

Natural
Moisture
Content

%

Sample Passing
425µm Sieve

Percentage
%

Moisture
Content

%

Liquid
Limit

%

Plastic
Limit

%

Plasticity
Index

%
Liquidity

Index Class Description / Remarks

Job Number

40274D

Page

Site : Warren Hall Site - Broughton

Client : Welsh Assembly Government

Method of Preparation : BS 1377:PART 1:1990:7.4 Preparation of samples for classification tests  BS 1377:PART 2:1990:4.2 & 5.2 Sample preparations

Method of Test : BS 1377:PART 2:1990:3.2 Determination of moisture content  4.3 Determination of the liquid limit  5.3 Determination of the plastic limit and 
plasticity index

BH09 2.00 U5 Natural 15 96 15 24 14 10 0.10 CL Brown sandy CLAY

BH10 3.00 U13 Natural 17 90 18 24 17 7 0.14 CL Brown sandy CLAY

BH11 1.70 D4 Natural 16 94 17 31 18 13 -0.08 CL Brown slightly gravelly CLAY

BH12 5.50 D13 Natural 40 95 42 65 36 29 0.21 MH Brown CLAY

BH13 0.40 B2 Natural 16 74 20 35 18 17 0.12 CL/CI Brown slightly gravelly CLAY
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Grading Analysis

D85

D60

D10

Uniformity Coefficient

Particle Proportions

Cobbles + Boulders

Gravel

Sand

Silt

Clay

Sieve /
Particle

Size

%
Passing

DETERMINATION OF PARTICLE SIZE DISTRIBUTION

Laboratory Test Report - 40274D/1

Job Number

40274D

Page

Site : Warren Hall Site - Broughton

Client : Welsh Assembly Government

Method of Preparation : BS 1377:PART 1:1990:7.3 Initial preparation  7.4.5 Particle size tests

Preparation Details : Sample washed with washing dispersant, Oven Dried at 105 - 110°C

Method of Test : BS 1377:PART 2:1990:9 Determination of particle size distribution

Remarks :

Borehole /

Trial Pit

Depth

(m)
Sample

Pipette/

Hydrometer
Description

PipetteBH11 5.50 B12 Brown SILT / CLAY

200 mm 100

150 mm 100

125 mm 100

90 mm 100

75 mm 100

63 mm 100

50 mm 100

37.5 mm 100

28 mm 100

20 mm 100

14 mm 100

10 mm 100

6.3 mm 100

5 mm 100

3.35 mm 100

2 mm 99

1.18 mm 99

600 µm 99

425 µm 99

300 µm 98

212 µm 96

150 µm 91

63 µm 45

20 µm 38

6 µm 21

2 µm 12

100.0 µm

100.0 µm

-

-

0%

1%

55%

33%

12%

0.002 0.006 0.02 0.06 0.2 0.6 2 6 20 60 200 600
0

10

20

30

40

50

60

70

80

90

100

Fine Medium Coarse Fine Medium Coarse Fine Medium Coarse
CLAY

SILT SAND GRAVEL
COBBLES BOULDERS
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DETERMINATION OF THE pH VALUE AND THE SULPHATE CONT ENT OF SOIL AND GROUNDWATER

Laboratory Test Report - 40274D/1

Borehole/
Trial Pit

Depth
(m) Sample

Concentration of Soluble Sulphate

%

Soil
S04 in 2:1Total S04
water:soil

g /l

Groundwater
g /l

Percentage
of sample
passing

2mm Sieve
%

pH Description / Remarks

Job Number

40274D

Page

Site : Warren Hall Site - Broughton

Client : Welsh Assembly Government

Method of Preparation : BS 1377:PART 1:1990:7.5 Preparation of soil for chemical tests  BS 1377:PART 3:1990:5.2, 5.3, 5.4 & 9.4

Method of Test : BS 1377:PART 3:1990:5 Determination of the sulphate content of soil and ground water  BS 1377:PART 3:1990:9 Determination of the pH value

BH09 0.20 B2 0.1 96 7.2 Brown slightly sandy slightly gravelly CLAY

BH09 2.50 D6 0.1 91 7.4 Brown sandy CLAY / SILT

BH10 0.60 D5 0.1 85 7.4 Brown sandy CLAY

BH11 4.00 D10 0.1 84 7.3 Brown sandy CLAY

BH12 0.10 B2 0.1 53 7.4 Brown slightly gravelly SILT / CLAY

BH13 1.70 D4 0.1 93 7.4 Brown SILT / CLAY
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DETERMINATION OF DRY DENSITY/MOISTURE CONTENT RELAT IONSHIP

Laboratory Test Report - 40274D/1

Job Number

40274D

Page

Site : Warren Hall Site - Broughton

Client : Welsh Assembly Government

Method of Preparation : BS 1377:PART 1:7.6, BS 1377:PART 4:1990:3.2 Preparation of samples for compaction tests

Method of Test : BS 1377:PART 4:1990:3.4/3.4 Determination using 2.5 kg rammer or 3.5/3.6 Determination using 4.5kg rammer: PART 2:1990:8.2 Determination 
of particle density

Remarks :

Description

Percentage retained 37.5 mm

Percentage retained 20.0 mm

Grading Zone

Mould Type

MAX DRY DENSITY Mg/m³

Single or separate samples

Particle density

Method of compaction

OPTIMUM MOISTURE CONTENT %

Borehole /

Trial Pit

Depth

(m)
Sample

Job Number

BH10 0.50 B4 Brown slightly sandy slightly gravelly CLAY

0 %

2 %

2

1 Litre/proctor

Max size of cohesive lumps 20 mm

Single

2.65 Assumed

2.5kg Rammer

1.05 9.9

6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00

Dry
Density
Mg/m³

Moisture Content %

1.19

1.14

1.09

1.04

0.99

0.94

0.89
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DETERMINATION OF DRY DENSITY/MOISTURE CONTENT RELAT IONSHIP

Laboratory Test Report - 40274D/1

Job Number

40274D

Page

Site : Warren Hall Site - Broughton

Client : Welsh Assembly Government

Method of Preparation : BS 1377:PART 1:7.6, BS 1377:PART 4:1990:3.2 Preparation of samples for compaction tests

Method of Test : BS 1377:PART 4:1990:3.4/3.4 Determination using 2.5 kg rammer or 3.5/3.6 Determination using 4.5kg rammer: PART 2:1990:8.2 Determination 
of particle density

Remarks :

Description

Percentage retained 37.5 mm

Percentage retained 20.0 mm

Grading Zone

Mould Type

MAX DRY DENSITY Mg/m³

Single or separate samples

Particle density

Method of compaction

OPTIMUM MOISTURE CONTENT %

Borehole /

Trial Pit

Depth

(m)
Sample

Job Number

BH12 1.20 B3 Brown slightly gravelly CLAY

0 %

4 %

2

1 Litre/proctor

Max size of cohesive lumps 20 mm

Single

2.65 Assumed

2.5kg Rammer

1.84 16

9.00 11.00 13.00 15.00 17.00 19.00 21.00 23.00

Dry
Density
Mg/m³

Moisture Content %

0%5%10%
1.85

1.80

1.75

1.70

1.65

1.60

1.55

1.50

1.45
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BH13 0.40 B2
Brown slightly gravelly CLAY

DETERMINATION OF CALIFORNIA BEARING RATIO (CBR)

Laboratory Test Report - 40274D/1

Job Number

40274D

Page

Site : Warren Hall Site - Broughton

Client : Welsh Assembly Government

Method of Preparation : The specimen was prepared by Dynamic compression using a 2.5 kg Rammer
BS 1377:PART 1:1990:7.6.1 General  1990:7.6.5 California bearing ratio test  BS 1377:PART 4:1990:7.2 Preparation of test sample

Method of Test : BS 1377:PART 4:1990:7.4 Penetration test procedure

Remarks :

Borehole /

Trial Pit

Depth

(m)
Sample

%
Passing
20 mm
Sieve

Description

Penetration of plunger (mm)

Lo
ad

 o
n 

pl
un

ge
r 

(k
N

)

0.00 0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00 5.50 6.00 6.50 7.00 7.50 8.00
0.00

0.12

0.24

0.36

0.48

0.60

0.72

0.84

0.96

1.08

1.20

99 %

Moisture Content %

2.08Bulk Density Mg/m³

1.75Dry Density Mg/m³

NoSoaked Test

TOPTest on

19Moisture Content %

Surcharge weight kg

2.5 5.0Penetration mm

0.43 0.63Force kN

3.2 3.2Corrected CBR %

BOTTOMTest on

19Moisture Content %

Surcharge weight kg

2.5 5.0Penetration mm

0.38 0.65Force kN

2.9 3.2Corrected CBR %

TOP BOTTOMTest on

3.2 3.2Reported CBR %

3.2Mean CBR %
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 Membrane Type: Latex
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Length of Sample (mm) 450

Depth from top of sample (mm) 50

Condition of Sample: Undisturbed

Orientation: Vertical

DETERMINATION OF MOISTURE CONTENT, DENSITY AND UNDRAINED SHEAR STRENGTH
IN TRIAXIAL COMPRESSION WITHOUT MEASUREMENT OF PORE  PRESSURE (DEFINITIVE METHOD)

Laboratory Test Report - 40274D/1

BH10 3.00 U13 Brown sandy CLAY

40274D

Job Number

Page

Site : Warren Hall Site - Broughton

Client : Welsh Assembly Government

Method of Preparation : BS 1377:PT1:1990:7.4.2 Moisture Content, BS 1377:PT1:1990:8.3 Preparation of undisturbed samples for testing or BS 1377:PT1:1990 :7.7.5.2 
Preparation of disturbed samples for testing.

Method of Test : BS 1377:PT2:1990:3.2 Determination of moisture content, BS 1377:PT2:1990:7.2 Determination of density by linear measurement and 
BS1377:PT7:1990:8.4 Determination of undrained shear strength in triaxial compression without measurement of pore pressure (definitive 
method)

Remarks :

Borehole /

Trial Pit

Depth

(m)
Sample Description

Test Type

Length of Specimen (mm)

Diameter of Specimen (mm)

Moisture Content (%)

Bulk Density (Mg/m³)

Dry Density (Mg/m³)

Membrane Thickness (mm)

Membrane Type

Rate of Strain (%/min)

Measured Cell Pressure (kPa)

Strain at Failure (%)

Membrane Correction (kPa)

Corrected Deviator Stress (kPa)

Shear Stress (kPa)

Mode of Failure (B/P/C)

Single Stage

209.2

101.5

13

2.27

2.00

0.4

Latex

1.91

40

7.2

0.6

90

45

Plastic

T
es

t R
es

ul
ts
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M
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Length of Sample (mm) 450

Depth from top of sample (mm) 50

Condition of Sample: Undisturbed

Orientation: Vertical

DETERMINATION OF MOISTURE CONTENT, DENSITY AND UNDRAINED SHEAR STRENGTH
IN TRIAXIAL COMPRESSION WITHOUT MEASUREMENT OF PORE  PRESSURE (DEFINITIVE METHOD)

Laboratory Test Report - 40274D/1

BH11 1.20 U3 Brown slightly gravelly CLAY

40274D

Job Number

Page

Site : Warren Hall Site - Broughton

Client : Welsh Assembly Government

Method of Preparation : BS 1377:PT1:1990:7.4.2 Moisture Content, BS 1377:PT1:1990:8.3 Preparation of undisturbed samples for testing or BS 1377:PT1:1990 :7.7.5.2 
Preparation of disturbed samples for testing.

Method of Test : BS 1377:PT2:1990:3.2 Determination of moisture content, BS 1377:PT2:1990:7.2 Determination of density by linear measurement and 
BS1377:PT7:1990:8.4 Determination of undrained shear strength in triaxial compression without measurement of pore pressure (definitive 
method)

Remarks :

Borehole /

Trial Pit

Depth

(m)
Sample Description

Test Type

Length of Specimen (mm)

Diameter of Specimen (mm)

Moisture Content (%)

Bulk Density (Mg/m³)

Dry Density (Mg/m³)

Membrane Thickness (mm)

Membrane Type

Rate of Strain (%/min)

Measured Cell Pressure (kPa)

Strain at Failure (%)

Membrane Correction (kPa)

Corrected Deviator Stress (kPa)

Shear Stress (kPa)

Mode of Failure (B/P/C)

Single Stage

209.4

101.1

15

2.23

1.94

0.41

Latex

1.91

25

13.8

1.2

206

103

Plastic
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 Membrane Type: latex
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Length of Sample (mm) 450

Depth from top of sample (mm) 50

Condition of Sample: Undisturbed

Orientation: Vertical

DETERMINATION OF MOISTURE CONTENT, DENSITY AND UNDRAINED SHEAR STRENGTH
IN TRIAXIAL COMPRESSION WITHOUT MEASUREMENT OF PORE  PRESSURE (DEFINITIVE METHOD)

Laboratory Test Report - 40274D/1

BH11 10.00 U22 Brown slightly gravelly CLAY

40274D

Job Number

Page

Site : Warren Hall Site - Broughton

Client : Welsh Assembly Government

Method of Preparation : BS 1377:PT1:1990:7.4.2 Moisture Content, BS 1377:PT1:1990:8.3 Preparation of undisturbed samples for testing or BS 1377:PT1:1990 :7.7.5.2 
Preparation of disturbed samples for testing.

Method of Test : BS 1377:PT2:1990:3.2 Determination of moisture content, BS 1377:PT2:1990:7.2 Determination of density by linear measurement and 
BS1377:PT7:1990:8.4 Determination of undrained shear strength in triaxial compression without measurement of pore pressure (definitive 
method)

Remarks :

Borehole /

Trial Pit

Depth

(m)
Sample Description

Test Type

Length of Specimen (mm)

Diameter of Specimen (mm)

Moisture Content (%)

Bulk Density (Mg/m³)

Dry Density (Mg/m³)

Membrane Thickness (mm)

Membrane Type

Rate of Strain (%/min)

Measured Cell Pressure (kPa)

Strain at Failure (%)

Membrane Correction (kPa)

Corrected Deviator Stress (kPa)

Shear Stress (kPa)

Mode of Failure (B/P/C)

Single Stage

209

101.7

77

2.29

1.29

0.34

latex

1.44

200

17.7

1.2

211

106

Brittle
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Length of Sample (mm) 450

Depth from top of sample (mm) 50

Condition of Sample: Undisturbed

Orientation: Vertical

DETERMINATION OF MOISTURE CONTENT, DENSITY AND UNDRAINED SHEAR STRENGTH
IN TRIAXIAL COMPRESSION WITHOUT MEASUREMENT OF PORE  PRESSURE (DEFINITIVE METHOD)

Laboratory Test Report - 40274D/1

BH13 1.20 U3 Brown CLAY

40274D

Job Number

Page

Site : Warren Hall Site - Broughton

Client : Welsh Assembly Government

Method of Preparation : BS 1377:PT1:1990:7.4.2 Moisture Content, BS 1377:PT1:1990:8.3 Preparation of undisturbed samples for testing or BS 1377:PT1:1990 :7.7.5.2 
Preparation of disturbed samples for testing.

Method of Test : BS 1377:PT2:1990:3.2 Determination of moisture content, BS 1377:PT2:1990:7.2 Determination of density by linear measurement and 
BS1377:PT7:1990:8.4 Determination of undrained shear strength in triaxial compression without measurement of pore pressure (definitive 
method)

Remarks :

Borehole /

Trial Pit

Depth

(m)
Sample Description

Test Type

Length of Specimen (mm)

Diameter of Specimen (mm)

Moisture Content (%)

Bulk Density (Mg/m³)

Dry Density (Mg/m³)

Membrane Thickness (mm)

Membrane Type

Rate of Strain (%/min)

Measured Cell Pressure (kPa)

Strain at Failure (%)

Membrane Correction (kPa)

Corrected Deviator Stress (kPa)

Shear Stress (kPa)

Mode of Failure (B/P/C)

Single Stage

209

101.3

17

2.17

1.85

0.34

latex
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25
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ONE-DIMENSIONAL CONSOLIDATION TEST

Laboratory Test Report - 40274D/1

Borehole /

Trial Pit

Depth

(m)
Sample Description

Job Number

40274D

Page

Site : Warren Hall Site - Broughton

Client : Welsh Assembly Government

Method of Test : BS 1377:PART 5:1990:3.5

Remarks :

BH09 2.00 U5 Brown sandy CLAY

Method of Preparation : BS 1377:PART 5:1990:3.3, 3.4

In
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m
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Length of Sample (mm) 450

Depth from top of sample (mm) 50

Condition of Sample: Undisturbed

Orientation: Vertical

Diameter (mm) 75.00

Particle Density (Mg/m³)
(Assumed)

2.65

Swelling Pressure (kN/m²)-

Lab Temp (°C) 19

Inital Final

Height (mm) 19.00 18.38

Wet Weight (g) 184.45 182.74

Moisture Content (%) 14 7.49

Bulk Density (Mg/m³) 2.20 2.25

Dry Density (Mg/m³) 1.93 2.09

Void Ratio 0.373 0.268

Degree of Saturation (%) 100.17 74.06

Pressure
kN/m²

30

60
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260

30

Mv
m²/MN

0.55

0.21

0.12

0.07

0.03
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Cv
m²/year

Void
Ratio

0.26

0.27

0.28

0.29

0.30

0.31

0.32

0.33
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ONE-DIMENSIONAL CONSOLIDATION TEST

Laboratory Test Report - 40274D/1

Borehole /

Trial Pit

Depth

(m)
Sample Stage Description

Job Number

40274D

Page

Site : Warren Hall Site - Broughton

Client : Welsh Assembly Government

Method of Test : BS 1377:PART 5:1990:3.5

Remarks :

BH09 2.00 U5 Brown sandy CLAY

Method of Preparation : BS 1377:PART 5:1990:3.3, 3.4
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ONE-DIMENSIONAL CONSOLIDATION TEST

Laboratory Test Report - 40274D/1

Borehole /

Trial Pit

Depth

(m)
Sample Stage Description

Job Number

40274D

Page

Site : Warren Hall Site - Broughton

Client : Welsh Assembly Government

Method of Test : BS 1377:PART 5:1990:3.5

Remarks :

BH09 2.00 U5 Brown sandy CLAY

Method of Preparation : BS 1377:PART 5:1990:3.3, 3.4
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ONE-DIMENSIONAL CONSOLIDATION TEST

Laboratory Test Report - 40274D/1

Borehole /

Trial Pit

Depth

(m)
Sample Stage Description

Job Number

40274D

Page

Site : Warren Hall Site - Broughton

Client : Welsh Assembly Government

Method of Test : BS 1377:PART 5:1990:3.5

Remarks :

BH09 2.00 U5 Brown sandy CLAY

Method of Preparation : BS 1377:PART 5:1990:3.3, 3.4
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ONE-DIMENSIONAL CONSOLIDATION TEST

Laboratory Test Report - 40274D/1

Borehole /

Trial Pit

Depth

(m)
Sample Stage Description

Job Number

40274D

Page

Site : Warren Hall Site - Broughton

Client : Welsh Assembly Government

Method of Test : BS 1377:PART 5:1990:3.5

Remarks :

BH09 2.00 U5 Brown sandy CLAY

Method of Preparation : BS 1377:PART 5:1990:3.3, 3.4
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ONE-DIMENSIONAL CONSOLIDATION TEST

Laboratory Test Report - 40274D/1

Borehole /

Trial Pit

Depth

(m)
Sample Stage Description

Job Number

40274D

Page

Site : Warren Hall Site - Broughton

Client : Welsh Assembly Government

Method of Test : BS 1377:PART 5:1990:3.5

Remarks :

BH09 2.00 U5 Brown sandy CLAY

Method of Preparation : BS 1377:PART 5:1990:3.3, 3.4
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ONE-DIMENSIONAL CONSOLIDATION TEST

Laboratory Test Report - 40274D/1

Borehole /

Trial Pit

Depth

(m)
Sample Description

Job Number

40274D

Page

Site : Warren Hall Site - Broughton

Client : Welsh Assembly Government

Method of Test : BS 1377:PART 5:1990:3.5

Remarks :

BH10 3.00 U13 Brown sandy CLAY

Method of Preparation : BS 1377:PART 5:1990:3.3, 3.4

In
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m
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Length of Sample (mm) 450

Depth from top of sample (mm) 50

Condition of Sample: Undisturbed

Orientation: Vertical

Diameter (mm) 75.00

Particle Density (Mg/m³)
(Assumed)

2.65

Swelling Pressure (kN/m²)-

Lab Temp (°C) 19

Inital Final

Height (mm) 19.00 18.00

Wet Weight (g) 186.58 186.27

Moisture Content (%) 14 8.30

Bulk Density (Mg/m³) 2.22 2.34

Dry Density (Mg/m³) 1.94 2.16

Void Ratio 0.366 0.227

Degree of Saturation (%) 104.26 96.89

Pressure
kN/m²
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60
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260
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Mv
m²/MN

0.56

0.40

0.28
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Ratio

0.314

0.278

0.206

0.166

0.215

Pressure
kN/m²

Mv
m²/MN

Cv
m²/year

Void
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ONE-DIMENSIONAL CONSOLIDATION TEST

Laboratory Test Report - 40274D/1

Borehole /

Trial Pit

Depth

(m)
Sample Stage Description

Job Number

40274D

Page

Site : Warren Hall Site - Broughton

Client : Welsh Assembly Government

Method of Test : BS 1377:PART 5:1990:3.5

Remarks :

BH10 3.00 U13 Brown sandy CLAY

Method of Preparation : BS 1377:PART 5:1990:3.3, 3.4
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ONE-DIMENSIONAL CONSOLIDATION TEST

Laboratory Test Report - 40274D/1

Borehole /

Trial Pit

Depth

(m)
Sample Stage Description

Job Number

40274D

Page

Site : Warren Hall Site - Broughton

Client : Welsh Assembly Government

Method of Test : BS 1377:PART 5:1990:3.5

Remarks :

BH10 3.00 U13 Brown sandy CLAY

Method of Preparation : BS 1377:PART 5:1990:3.3, 3.4
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ONE-DIMENSIONAL CONSOLIDATION TEST

Laboratory Test Report - 40274D/1

Borehole /

Trial Pit
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(m)
Sample Stage Description

Job Number

40274D

Page

Site : Warren Hall Site - Broughton

Client : Welsh Assembly Government

Method of Test : BS 1377:PART 5:1990:3.5

Remarks :

BH10 3.00 U13 Brown sandy CLAY

Method of Preparation : BS 1377:PART 5:1990:3.3, 3.4
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ONE-DIMENSIONAL CONSOLIDATION TEST

Laboratory Test Report - 40274D/1

Borehole /

Trial Pit

Depth

(m)
Sample Stage Description

Job Number

40274D

Page

Site : Warren Hall Site - Broughton

Client : Welsh Assembly Government

Method of Test : BS 1377:PART 5:1990:3.5

Remarks :

BH10 3.00 U13 Brown sandy CLAY

Method of Preparation : BS 1377:PART 5:1990:3.3, 3.4
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ONE-DIMENSIONAL CONSOLIDATION TEST

Laboratory Test Report - 40274D/1

Borehole /

Trial Pit
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(m)
Sample Stage Description

Job Number

40274D

Page

Site : Warren Hall Site - Broughton

Client : Welsh Assembly Government

Method of Test : BS 1377:PART 5:1990:3.5

Remarks :

BH10 3.00 U13 Brown sandy CLAY

Method of Preparation : BS 1377:PART 5:1990:3.3, 3.4
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ONE-DIMENSIONAL CONSOLIDATION TEST

Laboratory Test Report - 40274D/1

Borehole /

Trial Pit

Depth

(m)
Sample Description

Job Number

40274D

Page

Site : Warren Hall Site - Broughton

Client : Welsh Assembly Government

Method of Test : BS 1377:PART 5:1990:3.5

Remarks :

BH11 1.20 U3 Brown slightly gravelly CLAY

Method of Preparation : BS 1377:PART 5:1990:3.3, 3.4

In
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m
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Length of Sample (mm) 450

Depth from top of sample (mm) 50

Condition of Sample: Undisturbed

Orientation: Vertical

Diameter (mm) 75.00

Particle Density (Mg/m³)
(Assumed)

2.65

Swelling Pressure (kN/m²)-

Lab Temp (°C) 19

Inital Final

Height (mm) 19.00 18.57

Wet Weight (g) 177.41 178.06

Moisture Content (%) 15 9.24

Bulk Density (Mg/m³) 2.11 2.17

Dry Density (Mg/m³) 1.83 1.99

Void Ratio 0.448 0.332

Degree of Saturation (%) 91.09 73.75

Pressure
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ONE-DIMENSIONAL CONSOLIDATION TEST

Laboratory Test Report - 40274D/1
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Sample Stage Description

Job Number

40274D
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Site : Warren Hall Site - Broughton

Client : Welsh Assembly Government

Method of Test : BS 1377:PART 5:1990:3.5

Remarks :

BH11 1.20 U3 Brown slightly gravelly CLAY

Method of Preparation : BS 1377:PART 5:1990:3.3, 3.4
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Site : Warren Hall Site - Broughton

Client : Welsh Assembly Government

Method of Test : BS 1377:PART 5:1990:3.5

Remarks :

BH11 1.20 U3 Brown slightly gravelly CLAY

Method of Preparation : BS 1377:PART 5:1990:3.3, 3.4
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ONE-DIMENSIONAL CONSOLIDATION TEST

Laboratory Test Report - 40274D/1

Borehole /

Trial Pit

Depth

(m)
Sample Stage Description

Job Number

40274D

Page

Site : Warren Hall Site - Broughton

Client : Welsh Assembly Government

Method of Test : BS 1377:PART 5:1990:3.5

Remarks :

BH11 1.20 U3 Brown slightly gravelly CLAY

Method of Preparation : BS 1377:PART 5:1990:3.3, 3.4
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ONE-DIMENSIONAL CONSOLIDATION TEST

Laboratory Test Report - 40274D/1

Borehole /

Trial Pit

Depth

(m)
Sample Stage Description

Job Number

40274D

Page

Site : Warren Hall Site - Broughton

Client : Welsh Assembly Government

Method of Test : BS 1377:PART 5:1990:3.5

Remarks :

BH11 1.20 U3 Brown slightly gravelly CLAY

Method of Preparation : BS 1377:PART 5:1990:3.3, 3.4
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ONE-DIMENSIONAL CONSOLIDATION TEST

Laboratory Test Report - 40274D/1

Borehole /

Trial Pit

Depth

(m)
Sample Stage Description

Job Number

40274D

Page

Site : Warren Hall Site - Broughton

Client : Welsh Assembly Government

Method of Test : BS 1377:PART 5:1990:3.5

Remarks :

BH11 1.20 U3 Brown slightly gravelly CLAY

Method of Preparation : BS 1377:PART 5:1990:3.3, 3.4
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ONE-DIMENSIONAL CONSOLIDATION TEST

Laboratory Test Report - 40274D/1

Borehole /

Trial Pit

Depth

(m)
Sample Description

Job Number

40274D

Page

Site : Warren Hall Site - Broughton

Client : Welsh Assembly Government

Method of Test : BS 1377:PART 5:1990:3.5

Remarks :

BH11 3.00 U7 Brown sandy gravelly CLAY

Method of Preparation : BS 1377:PART 5:1990:3.3, 3.4

In
iti

al
 S

pe
ci

m
en

Length of Sample (mm) 450

Depth from top of sample (mm) 50

Condition of Sample: Undisturbed

Orientation: Vertical

Diameter (mm) 75.00

Particle Density (Mg/m³)
(Assumed)

2.65

Swelling Pressure (kN/m²)-

Lab Temp (°C) 19

Inital Final

Height (mm) 19.00 18.31

Wet Weight (g) 187.98 189.46

Moisture Content (%) 11 6.44

Bulk Density (Mg/m³) 2.24 2.34

Dry Density (Mg/m³) 2.03 2.20

Void Ratio 0.305 0.205

Degree of Saturation (%) 91.23 83.25

Pressure
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ONE-DIMENSIONAL CONSOLIDATION TEST

Laboratory Test Report - 40274D/1

Borehole /

Trial Pit

Depth

(m)
Sample Stage Description

Job Number

40274D

Page

Site : Warren Hall Site - Broughton

Client : Welsh Assembly Government

Method of Test : BS 1377:PART 5:1990:3.5

Remarks :

BH11 3.00 U7 Brown sandy gravelly CLAY

Method of Preparation : BS 1377:PART 5:1990:3.3, 3.4
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ONE-DIMENSIONAL CONSOLIDATION TEST

Laboratory Test Report - 40274D/1

Borehole /

Trial Pit

Depth

(m)
Sample Stage Description

Job Number

40274D

Page

Site : Warren Hall Site - Broughton

Client : Welsh Assembly Government

Method of Test : BS 1377:PART 5:1990:3.5

Remarks :

BH11 3.00 U7 Brown sandy gravelly CLAY

Method of Preparation : BS 1377:PART 5:1990:3.3, 3.4
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ONE-DIMENSIONAL CONSOLIDATION TEST

Laboratory Test Report - 40274D/1

Borehole /

Trial Pit

Depth

(m)
Sample Stage Description

Job Number

40274D

Page

Site : Warren Hall Site - Broughton

Client : Welsh Assembly Government

Method of Test : BS 1377:PART 5:1990:3.5

Remarks :

BH11 3.00 U7 Brown sandy gravelly CLAY

Method of Preparation : BS 1377:PART 5:1990:3.3, 3.4
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ONE-DIMENSIONAL CONSOLIDATION TEST

Laboratory Test Report - 40274D/1

Borehole /

Trial Pit

Depth

(m)
Sample Stage Description

Job Number

40274D

Page

Site : Warren Hall Site - Broughton

Client : Welsh Assembly Government

Method of Test : BS 1377:PART 5:1990:3.5

Remarks :

BH11 3.00 U7 Brown sandy gravelly CLAY

Method of Preparation : BS 1377:PART 5:1990:3.3, 3.4
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ONE-DIMENSIONAL CONSOLIDATION TEST

Laboratory Test Report - 40274D/1

Borehole /

Trial Pit

Depth

(m)
Sample Stage Description

Job Number

40274D

Page

Site : Warren Hall Site - Broughton

Client : Welsh Assembly Government

Method of Test : BS 1377:PART 5:1990:3.5

Remarks :

BH11 3.00 U7 Brown sandy gravelly CLAY

Method of Preparation : BS 1377:PART 5:1990:3.3, 3.4
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Test Report : 40274D/1

Site : Warren Hall Site - Broughton
Job Number : 40274D
Originating Client : Welsh Assembly Government

All opinions and interpretations contained within this report are outside of our Scope of
Accreditation.

The following tests contained within this report are not UKAS Accredited.
One - Dimensional Consolidation

Date of Issue : 19/2/08
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14 Faraday Close, District 15, Pattinson North Industrial Estate, Washington, Tyne & Wear, NE38 8QJ.
Tel.  0191 4166375  Fax. 0191 4191578 Email.  lab@ifawashington.co.uk  Internet.www.ianfarmerassociates.co.uk

Ian Farmer Associates (1998) Ltd
17 Rivington Court
Warrington
Cheshire
WA1 4RT

TEST REPORT - 40274E/1

F.A.O. Mr A Latimer

Site : Warren Hall Site - Broughton

Job Number : 40274E

Originating Client : Welsh Assembly Government

Originating Reference : 40274E

Date Sampled : Not Given

Date Scheduled : 25.01.08

Date Testing Started : 1/2/08

Date Testing Finished : 19/2/08

Remarks : First Report for above Job Number•
•Samples will be disposed of 28 days after the report is issue unless
otherwise agreed

•This report may contain results from tests which are not included within
the scope of the UKAS accreditation. Please see final sheet for details.

J.M. JonesAuthorised By:

Position : Senior Materials Engineer Date : 19/2/08

Ian Farmer Associates (1998) Limited.  Registered in England and Wales No. 3661447
Registered Office: Unit 1, Bamburgh Court, TVTE, Gateshead, Tyne & Wear, NE11 0TX

Offices in: Coventry (02476) 456565.   Harpenden, Herts.  (01582) 460018. Truro (01827) 261775
Warrington (01925) 855440.  Newcastle upon Tyne (0191) 4828500.  Motherwell (01698) 230231.

1464
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DETERMINATION OF MOISTURE CONTENT

Laboratory Test Report - 40274E/1

Borehole/
Trial Pit

Depth
(m)

Sample
Moisture
Content

%
Description

Job Number

40274E

Page

Site : Warren Hall Site - Broughton

Client : Welsh Assembly Government

Method of Preparation : BS 1377:PART 1:1990:7.3.3 Preparation of samples for classification tests

Method of Test : BS 1377:PART 2:1990:3.2 Determination of oven dried moisture content

Remarks :

BH14 1.20 B3 15 Brown slightly sandy CLAY
BH16 1.20 U3 22 Brown slightly gravelly CLAY
BH17 1.20 D5 22 Brown slightly sandy CLAY

2 / 15



DETERMINATION OF MOISTURE CONTENT, LIQUID LIMIT AND  PLASTIC LIMIT
AND DERIVATION OF PLASTICITY AND LIQUIDITY INDEX

Laboratory Test Report - 40274E/1

Borehole/
Trial Pit

Depth
(m) Sample

Natural
/

Sieved

Natural
Moisture
Content

%

Sample Passing
425µm Sieve

Percentage
%

Moisture
Content

%

Liquid
Limit

%

Plastic
Limit

%

Plasticity
Index

%
Liquidity

Index Class Description / Remarks

Job Number

40274E

Page

Site : Warren Hall Site - Broughton

Client : Welsh Assembly Government

Method of Preparation : BS 1377:PART 1:1990:7.4 Preparation of samples for classification tests  BS 1377:PART 2:1990:4.2 & 5.2 Sample preparations

Method of Test : BS 1377:PART 2:1990:3.2 Determination of moisture content  4.3 Determination of the liquid limit  5.3 Determination of the plastic limit and 
plasticity index

BH14 1.20 B3 Natural 15 95 16 25 15 10 0.10 CL Brown slightly sandy CLAY

BH16 1.20 U3 Natural 22 94 23 40 22 18 0.06 CI Brown slightly gravelly CLAY

BH17 1.20 D5 Natural 22 79 27 23 15 8 1.50 CL Brown slightly sandy CLAY
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DETERMINATION OF MOISTURE CONTENT / BULK DENSITY / DRY DENSITY

Laboratory Test Report - 40274E/1

Borehole/
Trial Pit

Depth
(m)

Sample
Moisture
Content

%

Bulk
Density
(Mg/m³)

Dry
Density
(Mg/m³)

Description / Remarks

Job Number

40274E

Page

Site : Warren Hall Site - Broughton

Client : Welsh Assembly Government

Method of Preparation : BS 1377:PART 1:1990:8.2,8.3,8.4

Method of Test : BS 1377:PART 2:1990:7 Determination of Density

BH16 1.20 U3 18 1.9 1.60 Brown slightly gravelly CLAY
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DETERMINATION OF THE pH VALUE AND THE SULPHATE CONT ENT OF SOIL AND GROUNDWATER

Laboratory Test Report - 40274E/1

Borehole/
Trial Pit

Depth
(m) Sample

Concentration of Soluble Sulphate

%

Soil
S04 in 2:1Total S04
water:soil

g /l

Groundwater
g /l

Percentage
of sample
passing

2mm Sieve
%

pH Description / Remarks

Job Number

40274E

Page

Site : Warren Hall Site - Broughton

Client : Welsh Assembly Government

Method of Preparation : BS 1377:PART 1:1990:7.5 Preparation of soil for chemical tests  BS 1377:PART 3:1990:5.2, 5.3, 5.4 & 9.4

Method of Test : BS 1377:PART 3:1990:5 Determination of the sulphate content of soil and ground water  BS 1377:PART 3:1990:9 Determination of the pH value

BH15 2.60 W9 0.07 8.2

BH17 3.00 B9 0.2 94 6.8 Brown SAND

5 / 15



BH14 1.20 B3 Brown slightly sandy CLAY

DETERMINATION OF CALIFORNIA BEARING RATIO (CBR)

Laboratory Test Report - 40274E/1

Job Number

40274E

Page

Site : Warren Hall Site - Broughton

Client : Welsh Assembly Government

Method of Preparation : The specimen was prepared by Dynamic compression using a 2.5 kg Rammer
BS 1377:PART 1:1990:7.6.1 General  1990:7.6.5 California bearing ratio test  BS 1377:PART 4:1990:7.2 Preparation of test sample

Method of Test : BS 1377:PART 4:1990:7.4 Penetration test procedure

Remarks :

Borehole /

Trial Pit

Depth

(m)
Sample

%
Passing
20 mm
Sieve

Description

Penetration of plunger (mm)

Lo
ad

 o
n 

pl
un

ge
r 

(k
N

)

0.00 0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00 5.50 6.00 6.50 7.00 7.50 8.00
0.00

0.12

0.24

0.36

0.48

0.60

0.72

0.84

0.96

1.08

1.20

97 %

Moisture Content %

2.09Bulk Density Mg/m³

1.79Dry Density Mg/m³

NoSoaked Test

TOPTest on

17Moisture Content %

Surcharge weight kg

2.5 5.0Penetration mm

0.31 0.56Force kN

2.3 2.8Corrected CBR %

BOTTOMTest on

16Moisture Content %

Surcharge weight kg

2.5 5.0Penetration mm

0.34 0.53Force kN

2.6 2.7Corrected CBR %

TOP BOTTOMTest on

2.8 2.7Reported CBR %

2.8Mean CBR %

6 / 15



M
ax

 D
ev

ia
to

r 
S

tr
es

s 
(k

P
a)

Strain %
0 5 10 15 20 25

0

14

28

42

56

70

84

98

112

126

140

 Membrane Type: latex
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Length of Sample (mm) 450

Depth from top of sample (mm) 50

Condition of Sample: Undisturbed

Orientation: Vertical

DETERMINATION OF MOISTURE CONTENT, DENSITY AND UNDRAINED SHEAR STRENGTH
IN TRIAXIAL COMPRESSION WITHOUT MEASUREMENT OF PORE  PRESSURE (DEFINITIVE METHOD)

Laboratory Test Report - 40274E/1

BH14 2.00 U5 Brown GRAVEL

40274E

Job Number

Page

Site : Warren Hall Site - Broughton

Client : Welsh Assembly Government

Method of Preparation : BS 1377:PT1:1990:7.4.2 Moisture Content, BS 1377:PT1:1990:8.3 Preparation of undisturbed samples for testing or BS 1377:PT1:1990 :7.7.5.2 
Preparation of disturbed samples for testing.

Method of Test : BS 1377:PT2:1990:3.2 Determination of moisture content, BS 1377:PT2:1990:7.2 Determination of density by linear measurement and 
BS1377:PT7:1990:8.4 Determination of undrained shear strength in triaxial compression without measurement of pore pressure (definitive 
method)

Remarks :

Borehole /

Trial Pit

Depth

(m)
Sample Description

Test Type

Length of Specimen (mm)

Diameter of Specimen (mm)

Moisture Content (%)

Bulk Density (Mg/m³)

Dry Density (Mg/m³)

Membrane Thickness (mm)

Membrane Type

Rate of Strain (%/min)

Measured Cell Pressure (kPa)

Strain at Failure (%)

Membrane Correction (kPa)

Corrected Deviator Stress (kPa)

Shear Stress (kPa)

Mode of Failure (B/P/C)

Single Stage

208

101.2

15

2.22

1.93

0.32

latex

1.44

40

20.2

1.2

134

67

Compound

T
es

t R
es

ul
ts
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 Membrane Type: latex
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Length of Sample (mm) 450

Depth from top of sample (mm) 50

Condition of Sample: Undisturbed

Orientation: Vertical

DETERMINATION OF MOISTURE CONTENT, DENSITY AND UNDRAINED SHEAR STRENGTH
IN TRIAXIAL COMPRESSION WITHOUT MEASUREMENT OF PORE  PRESSURE (DEFINITIVE METHOD)

Laboratory Test Report - 40274E/1

BH17 9.00 U20 Brown sandy CLAY

40274E

Job Number

Page

Site : Warren Hall Site - Broughton

Client : Welsh Assembly Government

Method of Preparation : BS 1377:PT1:1990:7.4.2 Moisture Content, BS 1377:PT1:1990:8.3 Preparation of undisturbed samples for testing or BS 1377:PT1:1990 :7.7.5.2 
Preparation of disturbed samples for testing.

Method of Test : BS 1377:PT2:1990:3.2 Determination of moisture content, BS 1377:PT2:1990:7.2 Determination of density by linear measurement and 
BS1377:PT7:1990:8.4 Determination of undrained shear strength in triaxial compression without measurement of pore pressure (definitive 
method)

Remarks :

Borehole /

Trial Pit

Depth

(m)
Sample Description

Test Type

Length of Specimen (mm)

Diameter of Specimen (mm)

Moisture Content (%)

Bulk Density (Mg/m³)

Dry Density (Mg/m³)

Membrane Thickness (mm)

Membrane Type

Rate of Strain (%/min)

Measured Cell Pressure (kPa)

Strain at Failure (%)

Membrane Correction (kPa)

Corrected Deviator Stress (kPa)

Shear Stress (kPa)

Mode of Failure (B/P/C)

Single Stage

208.9

101.2

12

2.31

2.05

0.31

latex

1.91

180

18.7

1.1

312

156

Brittle

T
es

t R
es

ul
ts
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ONE-DIMENSIONAL CONSOLIDATION TEST

Laboratory Test Report - 40274E/1

Borehole /

Trial Pit

Depth

(m)
Sample Description

Job Number

40274E

Page

Site : Warren Hall Site - Broughton

Client : Welsh Assembly Government

Method of Test : BS 1377:PART 5:1990:3.5

Remarks :

BH15 1.20 U3 Brown sandy slightly gravelly CLAY

Method of Preparation : BS 1377:PART 5:1990:3.3, 3.4

In
iti

al
 S

pe
ci

m
en

Length of Sample (mm) 450

Depth from top of sample (mm) 50

Condition of Sample: Undisturbed

Orientation: Vertical

Diameter (mm) 75.00

Particle Density (Mg/m³)
(Assumed)

2.65

Swelling Pressure (kN/m²)-

Lab Temp (°C) 19

Inital Final

Height (mm) 19.00 17.86

Wet Weight (g) 181.51 181.41

Moisture Content (%) 15 13

Bulk Density (Mg/m³) 2.16 2.30

Dry Density (Mg/m³) 1.88 2.03

Void Ratio 0.410 0.305

Degree of Saturation (%) 97.60 116.25

Pressure
kN/m²

25

50

150

250

25

Mv
m²/MN

0.70

0.49

0.38

0.17

0.11

Cv
m²/year

6.1

5.0

8.1

6.4

6.6

Void
Ratio

0.358

0.324

0.219

0.164

0.236

Pressure
kN/m²

Mv
m²/MN

Cv
m²/year

Void
Ratio

0.16

0.18

0.20

0.22

0.24

0.26

0.28

0.30

0.32

0.34

10 100
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ONE-DIMENSIONAL CONSOLIDATION TEST

Laboratory Test Report - 40274E/1

Borehole /

Trial Pit

Depth

(m)
Sample Stage Description

Job Number

40274E

Page

Site : Warren Hall Site - Broughton

Client : Welsh Assembly Government

Method of Test : BS 1377:PART 5:1990:3.5

Remarks :

BH15 1.20 U3 Brown sandy slightly gravelly CLAY

Method of Preparation : BS 1377:PART 5:1990:3.3, 3.4
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Test Report : 40274E/1

Site : Warren Hall Site - Broughton
Job Number : 40274E
Originating Client : Welsh Assembly Government

All opinions and interpretations contained within this report are outside of our Scope of
Accreditation.

The following tests contained within this report are not UKAS Accredited.
One - Dimensional Consolidation

Date of Issue : 19/2/08
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APPENDIX  4  

CHEMICAL TESTS 



        2139 Certificate Number: 08-17171
Date: 14/02/2008

Client: Ian Farmer Associates
17 Rivington Court
Hardwick Grange
Woolston
Warrington
Cheshire
WA1 4RT

Our Reference: 08-17171

Client Reference: 40274

Contract Title: Warren Hall

Description: 28 soil samples

Date Received: 05/02/2008

Date Started: 05/02/2008

Date Completed: 14/02/2008

Test Procedures: Identified by prefix DETSn, details available upon request.

Notes: Observations and interpretations are outside the scope of UKAS accreditation

* denotes test not included in laboratory scope of accreditation

# denotes test that holds MCERT accreditation

$ denotes tests completed by approved subcontractors

I/S denotes insufficient sample to carry out test

N/S denotes that the sample is not suitable for testing

Solid samples will be disposed 1 month and liquids 2 weeks

after the date of issue of this test certificate

Approved By:

Authorised Signatories: Rob Brown

Business Manager

Page 1 of 26

Certificate of Analysis

This certificate is issued in accordance with the accreditation requirements of the United Kingdom Accreditation Service.  The results reported herein 

relate only to the material supplied to the laboratory.  This certificate shall not be reproduced except in full, without the prior written approval of the 

laboratory.

  



Our Ref:           08-17171

Client Ref:        40274

Sample ID Depth DETS Ref Matrix Description Date Sampled Time Sampled Preservation Analysis Complete

WS01 0.50 116583 Loose brown orange grey clayey SAND (silty) Not Provided Not Provided None 14/02/2008

WS02 0.50 116584 Firm brown orange CLAY Not Provided Not Provided None 14/02/2008

WS02 1.00 116585 Soft brown slightly sandy CLAY Not Provided Not Provided None 14/02/2008

WS03 0.70 116586 Firm dark brown / grey sandy gravelly CLAY Not Provided Not Provided None 14/02/2008

WS04 0.30 116587 Firm brown orange grey slightly gravelly CLAY (made ground contains coal) Not Provided Not Provided None 14/02/2008

WS04 1.30 116588 Firm brown grey CLAY Not Provided Not Provided None 14/02/2008

WS05 0.50 116589 Soft light brown grey slightly gravelly CLAY Not Provided Not Provided None 14/02/2008

WS05 1.50 116590 Firm light brown grey CLAY Not Provided Not Provided None 14/02/2008

WS06 0.70 116591 Firm dark brown sandy gravelly CLAY Not Provided Not Provided None 14/02/2008

WS06 1.50 116592 Firm brown red slightly gravelly CLAY (made ground contains coal) Not Provided Not Provided None 14/02/2008

WS07 0.50 116593 Firm light brown red grey gravelly CLAY Not Provided Not Provided None 14/02/2008

WS07 1.50 116594 Firm dark brown black grey sandy CLAY Not Provided Not Provided None 14/02/2008

WS08 0.70 116595 Loose brown SAND (silty) Not Provided Not Provided None 14/02/2008

WS09 0.50 116596 Firm dark brown red slightly sandy gravelly CLAY Not Provided Not Provided None 14/02/2008

WS09 1.00 116597 Firm brown sandy gravelly CLAY Not Provided Not Provided None 14/02/2008

WS10 1.50 116598 Firm brown grey slightly gravelly CLAY (made ground contains brick) Not Provided Not Provided None 14/02/2008

WS10 2.70 116599 Firm brown orange sandy gravelly CLAy (made ground contains coal) Not Provided Not Provided None 14/02/2008

WS11 0.50 116600 Firm dark brown grey sandy gravelly CLAY (occasional rootlets) Not Provided Not Provided None 14/02/2008

WS11 1.50 116601 Firm brown grey gravelly sandy CLAY (silty) Not Provided Not Provided None 14/02/2008

WS12 0.50 116602 Firm dark brown redish sandy gravelly CLAY Not Provided Not Provided None 14/02/2008

WS12 1.00 116603 Soft brown grey slightly gravelly sandy CLAY Not Provided Not Provided None 14/02/2008

WS13 0.50 116604 Stiff brown grey gravelly sandy CLAY Not Provided Not Provided None 14/02/2008

WS15 0.50 116605 Soft brown grey sandy gravelly CLAY (occasional rootlets) Not Provided Not Provided None 14/02/2008

WS15 2.00 116606 Firm dark brown sandy gravelly CLAY Not Provided Not Provided None 14/02/2008

WS16 0.30 116607 Firm brown grey gravelly sandy CLAY Not Provided Not Provided None 14/02/2008

WS17 1.00 116608 Very soft brown orange grey sandy CLAY Not Provided Not Provided None 14/02/2008

WS17 1.30 116609 Stiff brown grey slighty gravelly sandy CLAY Not Provided Not Provided None 14/02/2008

TP5 1.50 116610 Firm brown gravelly sandy CLAY Not Provided Not Provided None 14/02/2008

Contract Title:   Warren Hall

Sample Details

Derwentside Environmental Testing Services Ltd Page 2 of 27



Our Ref:           08-17171

Client Ref:        40274

Sample ID Depth DETS Ref Matrix Description Date Sampled Time Sampled Preservation Analysis Complete

Contract Title:   Warren Hall

Sample Details

Derwentside Environmental Testing Services Ltd Page 3 of 27



Soil Samples
Our Ref:           08-17171

Client Ref:        40274

116583 116584 116585 116586

WS01 WS02 WS02 WS03

0.50 0.50 1.00 0.70

D J D D

Test Units DETSxx

Arsenic mg/kg DETS 042# 6 9 8 4

Cadmium mg/kg DETS 042 0.4 0.7 0.8 0.5

Chromium mg/kg DETS 042 14 25 24 15

Copper mg/kg DETS 042 17 11 19 10

Lead mg/kg DETS 042 63 23 23 19

Mercury mg/kg DETS 081* < 0.3 < 0.3 < 0.3 < 0.3

Nickel mg/kg DETS 042 12 18 24 14

Selenium mg/kg DETS 042 < 0.3 0.3 < 0.3 < 0.3

Zinc mg/kg DETS 042# 27 45 47 32

Boron (water soluble) mg/kg DETS 020# 0.3 0.5 0.2 1.6

Cyanide free mg/kg DETS 067# < 0.1 < 0.1 < 0.1 < 0.1

pH DETS 008# 8.2 8.0 8.3 8.2

Aliphatic C5-C6 mg/kg DETS 072*

Aliphatic C6-C8 mg/kg DETS 072*

Aliphatic C8-C10 mg/kg DETS 072*

Aliphatic C10-C12 mg/kg DETS 072*

Aliphatic C12-C16 mg/kg DETS 072*

Aliphatic C16-C21 mg/kg DETS 072*

Aliphatic C21-C35 mg/kg DETS 072*

Aromatic C5-C7 mg/kg DETS 072*

Aromatic C7-C8 mg/kg DETS 072*

Aromatic C8-C10 mg/kg DETS 072*

Aromatic C10-C12 mg/kg DETS 072*

Aromatic C12-C16 mg/kg DETS 072*

Aromatic C16-C21 mg/kg DETS 072*

Aromatic C21-C35 mg/kg DETS 072*

Aliphatic C5-C35 mg/kg DETS 072*

Aromatic C5-C35 mg/kg DETS 072*

TPH Ali/Aro mg/kg DETS 072*

Depth

Other Ref

Sample Type

Summary of Chemical Analysis

Contract Title:   Warren Hall

Lab No.

Sample Ref

Derwentside Environmental Testing Services Ltd Page 4 of 27



Soil Samples
Our Ref:           08-17171

Client Ref:        40274

116583 116584 116585 116586

WS01 WS02 WS02 WS03

0.50 0.50 1.00 0.70

D J D D

Test Units DETSxx

Depth

Other Ref

Sample Type

Summary of Chemical Analysis

Contract Title:   Warren Hall

Lab No.

Sample Ref

Acenaphthene mg/kg DETS 050 < 0.1 < 0.1 < 0.1 < 0.1

Acenapthylene mg/kg DETS 050 < 0.1 < 0.1 < 0.1 < 0.1

Anthracene mg/kg DETS 050 < 0.1 < 0.1 < 0.1 < 0.1

Benzo(a)anthracene mg/kg DETS 050 < 0.1 < 0.1 < 0.1 < 0.1

Benzo(a)pyrene mg/kg DETS 050 < 0.1 < 0.1 < 0.1 < 0.1

Benzo(b)fluoranthene mg/kg DETS 050 < 0.1 < 0.1 < 0.1 < 0.1

Benzo(k)fluoranthene mg/kg DETS 050 < 0.1 < 0.1 < 0.1 < 0.1

Benzo(g,h,i)perylene mg/kg DETS 050 < 0.1 < 0.1 < 0.1 < 0.1

Chrysene mg/kg DETS 050 < 0.1 < 0.1 < 0.1 < 0.1

Dibenzo(a,h)anthracene mg/kg DETS 050 < 0.1 < 0.1 < 0.1 < 0.1

Fluoranthene mg/kg DETS 050 < 0.1 < 0.1 < 0.1 < 0.1

Fluorene mg/kg DETS 050 < 0.1 < 0.1 < 0.1 < 0.1

Indeno(1,2,3-c,d)pyrene mg/kg DETS 050 < 0.1 < 0.1 < 0.1 < 0.1

Napthalene mg/kg DETS 050 0.3 0.3 0.3 0.3

Phenanthrene mg/kg DETS 050 < 0.1 < 0.1 < 0.1 < 0.1

Pyrene mg/kg DETS 050 < 0.1 < 0.1 < 0.1 < 0.1

PAH mg/kg DETS 050 < 5.0 < 5.0 < 5.0 < 5.0

Benzene mg/kg DETS 062#

Ethylbenzene mg/kg DETS 062#

Toluene mg/kg DETS 062#

Xylene mg/kg DETS 062#

Phenol - Monohydric mg/kg DETS 067#

PCB mg/kg DETS 052*

2,4,4'-Trichlorobiphenyl PCB 28 mg/kg DETS 052*

2,2',5,5'-Tetrachlorobiphenyl PCB 52 mg/kg DETS 052*

2,2',4,5,5'-Pentachlorobiphenyl PCB 101 mg/kg DETS 052*

2,3',4,4',5-Pentachlorobiphenyl PCB 118 mg/kg DETS 052*

2,2',4,4',5,5'-Hexachlorobiphenyl PCB 153 mg/kg DETS 052*

2,2',3,4,4',5'-Hexachlorobiphenyl PCB 138 mg/kg DETS 052*

2,2',3,4,4',5,5'-Heptachlorobiphenyl PCB 180 mg/kg DETS 052*

Total VOC's mg/kg DETS 068*

1,2-dichloropropane mg/kg DETS 068*

Dibromomethane mg/kg DETS 068*

Bromodichloromethane mg/kg DETS 068*

cis-1,3-dichloropropene mg/kg DETS 068*

Toluene mg/kg DETS 068*

trans-1,3-dichloropropene mg/kg DETS 068*

1,1,2-trichloroethane mg/kg DETS 068*

Tetrachloroethylene mg/kg DETS 068*

1,3-dichloropropane mg/kg DETS 068*

Dibromochloromethane mg/kg DETS 068*

1,2-dibromoethane mg/kg DETS 068*

Chlorobenzene mg/kg DETS 068*

Ethylbenzene+1,1,1,2-tetrachloroethane mg/kg DETS 068*

m+p-Xylene mg/kg DETS 068*

Derwentside Environmental Testing Services Ltd Page 5 of 27



Soil Samples
Our Ref:           08-17171

Client Ref:        40274

116583 116584 116585 116586

WS01 WS02 WS02 WS03

0.50 0.50 1.00 0.70

D J D D

Test Units DETSxx

Depth

Other Ref

Sample Type

Summary of Chemical Analysis

Contract Title:   Warren Hall

Lab No.

Sample Ref

o-Xylene mg/kg DETS 068*

Styrene mg/kg DETS 068*

Bromoform mg/kg DETS 068*

Isopropylbenzene mg/kg DETS 068*

Bromobenzene mg/kg DETS 068*

1,2,3-trichloropropane mg/kg DETS 068*

n-propylbenzene mg/kg DETS 068*

2-chlorotoluene mg/kg DETS 068*

1,3,5-trimethylbenzene mg/kg DETS 068*

4-chlorotoluene mg/kg DETS 068*

Tert-butylbenzene mg/kg DETS 068*

1,2,4-trimethylbenzene mg/kg DETS 068*

sec-butylbenzene mg/kg DETS 068*

1,3-dichlorobenzene+p-isopropyltoluene mg/kg DETS 068*

1,4-dichlorobenzene mg/kg DETS 068*

n-butylbenzene mg/kg DETS 068*

1,2-dichlorobenzene mg/kg DETS 068*

1,2-dibromo-3-chloropropane mg/kg DETS 068*

1,2,4-trichlorobenzene mg/kg DETS 068*

Hexachlorobutadiene mg/kg DETS 068*

Naphthalene mg/kg DETS 068*

1,2,3-trichlorobenzene mg/kg DETS 068*

Trichloroethylene mg/kg DETS 068*

Methylene Chloride mg/kg DETS 068*

1,1 Dichloroethylene mg/kg DETS 068*

1,2-dichloroethane mg/kg DETS 068*

Benzene mg/kg DETS 068*

Carbon tetrachloride + 1,1-dichloropropene mg/kg DETS 068*

1,1,1-trichloroethane mg/kg DETS 068*

Chloroform mg/kg DETS 068*

Bromochloromethane mg/kg DETS 068*

2,2-dichlororopane+1,2-dichloroethylene mg/kg DETS 068*

1,1-dichloroethane mg/kg DETS 068*

Trans-1,2-dichloroethylene mg/kg DETS 068*

Derwentside Environmental Testing Services Ltd Page 6 of 27



Soil Samples
Our Ref:           08-17171

Client Ref:        40274

Test Units DETSxx

Arsenic mg/kg DETS 042#

Cadmium mg/kg DETS 042

Chromium mg/kg DETS 042

Copper mg/kg DETS 042

Lead mg/kg DETS 042

Mercury mg/kg DETS 081*

Nickel mg/kg DETS 042

Selenium mg/kg DETS 042

Zinc mg/kg DETS 042#

Boron (water soluble) mg/kg DETS 020#

Cyanide free mg/kg DETS 067#

pH DETS 008#

Aliphatic C5-C6 mg/kg DETS 072*

Aliphatic C6-C8 mg/kg DETS 072*

Aliphatic C8-C10 mg/kg DETS 072*

Aliphatic C10-C12 mg/kg DETS 072*

Aliphatic C12-C16 mg/kg DETS 072*

Aliphatic C16-C21 mg/kg DETS 072*

Aliphatic C21-C35 mg/kg DETS 072*

Aromatic C5-C7 mg/kg DETS 072*

Aromatic C7-C8 mg/kg DETS 072*

Aromatic C8-C10 mg/kg DETS 072*

Aromatic C10-C12 mg/kg DETS 072*

Aromatic C12-C16 mg/kg DETS 072*

Aromatic C16-C21 mg/kg DETS 072*

Aromatic C21-C35 mg/kg DETS 072*

Aliphatic C5-C35 mg/kg DETS 072*

Aromatic C5-C35 mg/kg DETS 072*

TPH Ali/Aro mg/kg DETS 072*

Depth

Other Ref

Sample Type

Summary of Chemical Analysis

Contract Title:   Warren Hall

Lab No.

Sample Ref

116587 116588 116589 116590

WS04 WS04 WS05 WS05

0.30 1.30 0.50 1.50

J J J D

8 10 3 1

0.8 0.9 1.0 0.8

24 37 27 32

9 23 10 7

16 16 11 4

< 0.3 < 0.3 < 0.3 < 0.3

17 42 34 46

< 0.3 < 0.3 < 0.3 < 0.3

43 64 55 64

1.1 1.4 1.0 1.0

< 0.1 < 0.1 < 0.1 < 0.1

8.2 8.3 8.5 8.5

Derwentside Environmental Testing Services Ltd Page 7 of 27



Soil Samples
Our Ref:           08-17171

Client Ref:        40274

Test Units DETSxx

Depth

Other Ref

Sample Type

Summary of Chemical Analysis

Contract Title:   Warren Hall

Lab No.

Sample Ref

Acenaphthene mg/kg DETS 050

Acenapthylene mg/kg DETS 050

Anthracene mg/kg DETS 050

Benzo(a)anthracene mg/kg DETS 050

Benzo(a)pyrene mg/kg DETS 050

Benzo(b)fluoranthene mg/kg DETS 050

Benzo(k)fluoranthene mg/kg DETS 050

Benzo(g,h,i)perylene mg/kg DETS 050

Chrysene mg/kg DETS 050

Dibenzo(a,h)anthracene mg/kg DETS 050

Fluoranthene mg/kg DETS 050

Fluorene mg/kg DETS 050

Indeno(1,2,3-c,d)pyrene mg/kg DETS 050

Napthalene mg/kg DETS 050

Phenanthrene mg/kg DETS 050

Pyrene mg/kg DETS 050

PAH mg/kg DETS 050

Benzene mg/kg DETS 062#

Ethylbenzene mg/kg DETS 062#

Toluene mg/kg DETS 062#

Xylene mg/kg DETS 062#

Phenol - Monohydric mg/kg DETS 067#

PCB mg/kg DETS 052*

2,4,4'-Trichlorobiphenyl PCB 28 mg/kg DETS 052*

2,2',5,5'-Tetrachlorobiphenyl PCB 52 mg/kg DETS 052*

2,2',4,5,5'-Pentachlorobiphenyl PCB 101 mg/kg DETS 052*

2,3',4,4',5-Pentachlorobiphenyl PCB 118 mg/kg DETS 052*

2,2',4,4',5,5'-Hexachlorobiphenyl PCB 153 mg/kg DETS 052*

2,2',3,4,4',5'-Hexachlorobiphenyl PCB 138 mg/kg DETS 052*

2,2',3,4,4',5,5'-Heptachlorobiphenyl PCB 180 mg/kg DETS 052*

Total VOC's mg/kg DETS 068*

1,2-dichloropropane mg/kg DETS 068*

Dibromomethane mg/kg DETS 068*

Bromodichloromethane mg/kg DETS 068*

cis-1,3-dichloropropene mg/kg DETS 068*

Toluene mg/kg DETS 068*

trans-1,3-dichloropropene mg/kg DETS 068*

1,1,2-trichloroethane mg/kg DETS 068*

Tetrachloroethylene mg/kg DETS 068*

1,3-dichloropropane mg/kg DETS 068*

Dibromochloromethane mg/kg DETS 068*

1,2-dibromoethane mg/kg DETS 068*

Chlorobenzene mg/kg DETS 068*

Ethylbenzene+1,1,1,2-tetrachloroethane mg/kg DETS 068*

m+p-Xylene mg/kg DETS 068*

116587 116588 116589 116590

WS04 WS04 WS05 WS05

0.30 1.30 0.50 1.50

J J J D

< 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

< 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

< 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

< 0.1 < 0.1 < 0.1 < 0.1

0.3 0.3 0.3 0.3

< 0.1 < 0.1 < 0.1 < 0.1

< 0.1 < 0.1 < 0.1 < 0.1

< 5.0 < 5.0 < 5.0 < 5.0

Derwentside Environmental Testing Services Ltd Page 8 of 27



Soil Samples
Our Ref:           08-17171

Client Ref:        40274

Test Units DETSxx

Depth

Other Ref

Sample Type

Summary of Chemical Analysis

Contract Title:   Warren Hall

Lab No.

Sample Ref

o-Xylene mg/kg DETS 068*

Styrene mg/kg DETS 068*

Bromoform mg/kg DETS 068*

Isopropylbenzene mg/kg DETS 068*

Bromobenzene mg/kg DETS 068*

1,2,3-trichloropropane mg/kg DETS 068*

n-propylbenzene mg/kg DETS 068*

2-chlorotoluene mg/kg DETS 068*

1,3,5-trimethylbenzene mg/kg DETS 068*

4-chlorotoluene mg/kg DETS 068*

Tert-butylbenzene mg/kg DETS 068*

1,2,4-trimethylbenzene mg/kg DETS 068*

sec-butylbenzene mg/kg DETS 068*

1,3-dichlorobenzene+p-isopropyltoluene mg/kg DETS 068*

1,4-dichlorobenzene mg/kg DETS 068*

n-butylbenzene mg/kg DETS 068*

1,2-dichlorobenzene mg/kg DETS 068*

1,2-dibromo-3-chloropropane mg/kg DETS 068*

1,2,4-trichlorobenzene mg/kg DETS 068*

Hexachlorobutadiene mg/kg DETS 068*

Naphthalene mg/kg DETS 068*

1,2,3-trichlorobenzene mg/kg DETS 068*

Trichloroethylene mg/kg DETS 068*

Methylene Chloride mg/kg DETS 068*

1,1 Dichloroethylene mg/kg DETS 068*

1,2-dichloroethane mg/kg DETS 068*

Benzene mg/kg DETS 068*

Carbon tetrachloride + 1,1-dichloropropene mg/kg DETS 068*

1,1,1-trichloroethane mg/kg DETS 068*

Chloroform mg/kg DETS 068*

Bromochloromethane mg/kg DETS 068*

2,2-dichlororopane+1,2-dichloroethylene mg/kg DETS 068*

1,1-dichloroethane mg/kg DETS 068*

Trans-1,2-dichloroethylene mg/kg DETS 068*

116587 116588 116589 116590

WS04 WS04 WS05 WS05

0.30 1.30 0.50 1.50

J J J D
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Soil Samples
Our Ref:           08-17171

Client Ref:        40274

Test Units DETSxx

Arsenic mg/kg DETS 042#

Cadmium mg/kg DETS 042

Chromium mg/kg DETS 042

Copper mg/kg DETS 042

Lead mg/kg DETS 042

Mercury mg/kg DETS 081*

Nickel mg/kg DETS 042

Selenium mg/kg DETS 042

Zinc mg/kg DETS 042#

Boron (water soluble) mg/kg DETS 020#

Cyanide free mg/kg DETS 067#

pH DETS 008#

Aliphatic C5-C6 mg/kg DETS 072*

Aliphatic C6-C8 mg/kg DETS 072*

Aliphatic C8-C10 mg/kg DETS 072*

Aliphatic C10-C12 mg/kg DETS 072*

Aliphatic C12-C16 mg/kg DETS 072*

Aliphatic C16-C21 mg/kg DETS 072*

Aliphatic C21-C35 mg/kg DETS 072*

Aromatic C5-C7 mg/kg DETS 072*

Aromatic C7-C8 mg/kg DETS 072*

Aromatic C8-C10 mg/kg DETS 072*

Aromatic C10-C12 mg/kg DETS 072*

Aromatic C12-C16 mg/kg DETS 072*

Aromatic C16-C21 mg/kg DETS 072*

Aromatic C21-C35 mg/kg DETS 072*

Aliphatic C5-C35 mg/kg DETS 072*

Aromatic C5-C35 mg/kg DETS 072*

TPH Ali/Aro mg/kg DETS 072*

Depth

Other Ref

Sample Type

Summary of Chemical Analysis

Contract Title:   Warren Hall

Lab No.

Sample Ref

116591 116592 116593 116594

WS06 WS06 WS07 WS07

0.70 1.50 0.50 1.50

D D J D

8 7 8 5

0.7 0.6 0.6 0.5

14 22 20 23

14 19 20 27

69 12 12 12

< 0.3 < 0.3 < 0.3 < 0.3

14 27 15 35

< 0.3 < 0.3 < 0.3 < 0.3

65 43 31 40

0.8 0.6 0.7 0.8

< 0.1 < 0.1 < 0.1 < 0.1

8.4 8.3 8.1 8.2
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Soil Samples
Our Ref:           08-17171

Client Ref:        40274

Test Units DETSxx

Depth

Other Ref

Sample Type

Summary of Chemical Analysis

Contract Title:   Warren Hall

Lab No.

Sample Ref

Acenaphthene mg/kg DETS 050

Acenapthylene mg/kg DETS 050

Anthracene mg/kg DETS 050

Benzo(a)anthracene mg/kg DETS 050

Benzo(a)pyrene mg/kg DETS 050

Benzo(b)fluoranthene mg/kg DETS 050

Benzo(k)fluoranthene mg/kg DETS 050

Benzo(g,h,i)perylene mg/kg DETS 050

Chrysene mg/kg DETS 050

Dibenzo(a,h)anthracene mg/kg DETS 050

Fluoranthene mg/kg DETS 050

Fluorene mg/kg DETS 050

Indeno(1,2,3-c,d)pyrene mg/kg DETS 050

Napthalene mg/kg DETS 050

Phenanthrene mg/kg DETS 050

Pyrene mg/kg DETS 050

PAH mg/kg DETS 050

Benzene mg/kg DETS 062#

Ethylbenzene mg/kg DETS 062#

Toluene mg/kg DETS 062#

Xylene mg/kg DETS 062#

Phenol - Monohydric mg/kg DETS 067#

PCB mg/kg DETS 052*

2,4,4'-Trichlorobiphenyl PCB 28 mg/kg DETS 052*

2,2',5,5'-Tetrachlorobiphenyl PCB 52 mg/kg DETS 052*

2,2',4,5,5'-Pentachlorobiphenyl PCB 101 mg/kg DETS 052*

2,3',4,4',5-Pentachlorobiphenyl PCB 118 mg/kg DETS 052*

2,2',4,4',5,5'-Hexachlorobiphenyl PCB 153 mg/kg DETS 052*

2,2',3,4,4',5'-Hexachlorobiphenyl PCB 138 mg/kg DETS 052*

2,2',3,4,4',5,5'-Heptachlorobiphenyl PCB 180 mg/kg DETS 052*

Total VOC's mg/kg DETS 068*

1,2-dichloropropane mg/kg DETS 068*

Dibromomethane mg/kg DETS 068*

Bromodichloromethane mg/kg DETS 068*

cis-1,3-dichloropropene mg/kg DETS 068*

Toluene mg/kg DETS 068*

trans-1,3-dichloropropene mg/kg DETS 068*

1,1,2-trichloroethane mg/kg DETS 068*

Tetrachloroethylene mg/kg DETS 068*

1,3-dichloropropane mg/kg DETS 068*

Dibromochloromethane mg/kg DETS 068*

1,2-dibromoethane mg/kg DETS 068*

Chlorobenzene mg/kg DETS 068*

Ethylbenzene+1,1,1,2-tetrachloroethane mg/kg DETS 068*

m+p-Xylene mg/kg DETS 068*

116591 116592 116593 116594

WS06 WS06 WS07 WS07

0.70 1.50 0.50 1.50

D D J D

0.1 < 0.1 < 0.1 < 0.1

0.1 < 0.1 < 0.1 < 0.1

0.3 < 0.1 < 0.1 0.1

1.3 < 0.1 < 0.1 0.3

1.6 < 0.1 < 0.1 < 0.1

2.3 < 0.1 < 0.1 < 0.1

0.7 < 0.1 < 0.1 < 0.1

1.3 < 0.1 < 0.1 < 0.1

1.3 < 0.1 < 0.1 0.2

0.7 < 0.1 0.4 < 0.1

2.5 < 0.1 < 0.1 0.3

0.2 < 0.1 < 0.1 < 0.1

1.6 < 0.1 < 0.1 < 0.1

0.4 0.3 0.3 0.3

1.0 < 0.1 < 0.1 0.1

2.1 < 0.1 < 0.1 0.3

18 < 5.0 < 5.0 < 5.0

Derwentside Environmental Testing Services Ltd Page 11 of 27



Soil Samples
Our Ref:           08-17171

Client Ref:        40274

Test Units DETSxx

Depth

Other Ref

Sample Type

Summary of Chemical Analysis

Contract Title:   Warren Hall

Lab No.

Sample Ref

o-Xylene mg/kg DETS 068*

Styrene mg/kg DETS 068*

Bromoform mg/kg DETS 068*

Isopropylbenzene mg/kg DETS 068*

Bromobenzene mg/kg DETS 068*

1,2,3-trichloropropane mg/kg DETS 068*

n-propylbenzene mg/kg DETS 068*

2-chlorotoluene mg/kg DETS 068*

1,3,5-trimethylbenzene mg/kg DETS 068*

4-chlorotoluene mg/kg DETS 068*

Tert-butylbenzene mg/kg DETS 068*

1,2,4-trimethylbenzene mg/kg DETS 068*

sec-butylbenzene mg/kg DETS 068*

1,3-dichlorobenzene+p-isopropyltoluene mg/kg DETS 068*

1,4-dichlorobenzene mg/kg DETS 068*

n-butylbenzene mg/kg DETS 068*

1,2-dichlorobenzene mg/kg DETS 068*

1,2-dibromo-3-chloropropane mg/kg DETS 068*

1,2,4-trichlorobenzene mg/kg DETS 068*

Hexachlorobutadiene mg/kg DETS 068*

Naphthalene mg/kg DETS 068*

1,2,3-trichlorobenzene mg/kg DETS 068*

Trichloroethylene mg/kg DETS 068*

Methylene Chloride mg/kg DETS 068*

1,1 Dichloroethylene mg/kg DETS 068*

1,2-dichloroethane mg/kg DETS 068*

Benzene mg/kg DETS 068*

Carbon tetrachloride + 1,1-dichloropropene mg/kg DETS 068*

1,1,1-trichloroethane mg/kg DETS 068*

Chloroform mg/kg DETS 068*

Bromochloromethane mg/kg DETS 068*

2,2-dichlororopane+1,2-dichloroethylene mg/kg DETS 068*

1,1-dichloroethane mg/kg DETS 068*

Trans-1,2-dichloroethylene mg/kg DETS 068*

116591 116592 116593 116594

WS06 WS06 WS07 WS07

0.70 1.50 0.50 1.50

D D J D
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Soil Samples
Our Ref:           08-17171

Client Ref:        40274

Test Units DETSxx

Arsenic mg/kg DETS 042#

Cadmium mg/kg DETS 042

Chromium mg/kg DETS 042

Copper mg/kg DETS 042

Lead mg/kg DETS 042

Mercury mg/kg DETS 081*

Nickel mg/kg DETS 042

Selenium mg/kg DETS 042

Zinc mg/kg DETS 042#

Boron (water soluble) mg/kg DETS 020#

Cyanide free mg/kg DETS 067#

pH DETS 008#

Aliphatic C5-C6 mg/kg DETS 072*

Aliphatic C6-C8 mg/kg DETS 072*

Aliphatic C8-C10 mg/kg DETS 072*

Aliphatic C10-C12 mg/kg DETS 072*

Aliphatic C12-C16 mg/kg DETS 072*

Aliphatic C16-C21 mg/kg DETS 072*

Aliphatic C21-C35 mg/kg DETS 072*

Aromatic C5-C7 mg/kg DETS 072*

Aromatic C7-C8 mg/kg DETS 072*

Aromatic C8-C10 mg/kg DETS 072*

Aromatic C10-C12 mg/kg DETS 072*

Aromatic C12-C16 mg/kg DETS 072*

Aromatic C16-C21 mg/kg DETS 072*

Aromatic C21-C35 mg/kg DETS 072*

Aliphatic C5-C35 mg/kg DETS 072*

Aromatic C5-C35 mg/kg DETS 072*

TPH Ali/Aro mg/kg DETS 072*

Depth

Other Ref

Sample Type

Summary of Chemical Analysis

Contract Title:   Warren Hall

Lab No.

Sample Ref

116595 116596 116597 116598

WS08 WS09 WS09 WS10

0.70 0.50 1.00 1.50

J J D D

4 7 8 7

0.4 0.7 0.6 0.7

12 26 19 24

11 19 13 18

20 21 29 18

< 0.3 < 0.3 < 0.3 < 0.3

13 28 14 26

< 0.3 < 0.3 < 0.3 < 0.3

27 52 40 51

0.6 1.7 1.0 1.9

< 0.1 < 0.1 < 0.1 < 0.1

8.0 8.4 8.0 8.3

< 0.01

< 0.01

< 0.01

< 0.1

< 0.1

< 0.1

< 0.1

< 0.01

< 0.01

< 0.01

< 0.1

< 0.1

< 0.1

< 0.1

< 0.1

< 0.1

< 0.1
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Soil Samples
Our Ref:           08-17171

Client Ref:        40274

Test Units DETSxx

Depth

Other Ref

Sample Type

Summary of Chemical Analysis

Contract Title:   Warren Hall

Lab No.

Sample Ref

Acenaphthene mg/kg DETS 050

Acenapthylene mg/kg DETS 050

Anthracene mg/kg DETS 050

Benzo(a)anthracene mg/kg DETS 050

Benzo(a)pyrene mg/kg DETS 050

Benzo(b)fluoranthene mg/kg DETS 050

Benzo(k)fluoranthene mg/kg DETS 050

Benzo(g,h,i)perylene mg/kg DETS 050

Chrysene mg/kg DETS 050

Dibenzo(a,h)anthracene mg/kg DETS 050

Fluoranthene mg/kg DETS 050

Fluorene mg/kg DETS 050

Indeno(1,2,3-c,d)pyrene mg/kg DETS 050

Napthalene mg/kg DETS 050

Phenanthrene mg/kg DETS 050

Pyrene mg/kg DETS 050

PAH mg/kg DETS 050

Benzene mg/kg DETS 062#

Ethylbenzene mg/kg DETS 062#

Toluene mg/kg DETS 062#

Xylene mg/kg DETS 062#

Phenol - Monohydric mg/kg DETS 067#

PCB mg/kg DETS 052*

2,4,4'-Trichlorobiphenyl PCB 28 mg/kg DETS 052*

2,2',5,5'-Tetrachlorobiphenyl PCB 52 mg/kg DETS 052*

2,2',4,5,5'-Pentachlorobiphenyl PCB 101 mg/kg DETS 052*

2,3',4,4',5-Pentachlorobiphenyl PCB 118 mg/kg DETS 052*

2,2',4,4',5,5'-Hexachlorobiphenyl PCB 153 mg/kg DETS 052*

2,2',3,4,4',5'-Hexachlorobiphenyl PCB 138 mg/kg DETS 052*

2,2',3,4,4',5,5'-Heptachlorobiphenyl PCB 180 mg/kg DETS 052*

Total VOC's mg/kg DETS 068*

1,2-dichloropropane mg/kg DETS 068*

Dibromomethane mg/kg DETS 068*

Bromodichloromethane mg/kg DETS 068*

cis-1,3-dichloropropene mg/kg DETS 068*

Toluene mg/kg DETS 068*

trans-1,3-dichloropropene mg/kg DETS 068*

1,1,2-trichloroethane mg/kg DETS 068*

Tetrachloroethylene mg/kg DETS 068*

1,3-dichloropropane mg/kg DETS 068*

Dibromochloromethane mg/kg DETS 068*

1,2-dibromoethane mg/kg DETS 068*

Chlorobenzene mg/kg DETS 068*

Ethylbenzene+1,1,1,2-tetrachloroethane mg/kg DETS 068*

m+p-Xylene mg/kg DETS 068*

116595 116596 116597 116598

WS08 WS09 WS09 WS10

0.70 0.50 1.00 1.50

J J D D

< 0.1 < 0.1 0.4 0.9

< 0.1 < 0.1 0.2 0.4

0.2 < 0.1 0.6 1.2

1.3 < 0.1 2.3 2.0

0.1 < 0.1 2.7 1.7

0.2 < 0.1 2.7 3.3

0.3 < 0.1 2.1 1.0

0.3 < 0.1 1.7 1.3

1.2 < 0.1 1.6 1.5

< 0.1 < 0.1 7.3 4.4

0.4 < 0.1 2.5 3.0

0.1 < 0.1 0.5 0.9

< 0.1 < 0.1 2.5 1.7

0.3 0.3 0.4 0.7

0.2 < 0.1 2.0 2.7

0.5 < 0.1 2.0 2.4

5.1 < 5.0 31 29

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01
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Soil Samples
Our Ref:           08-17171

Client Ref:        40274

Test Units DETSxx

Depth

Other Ref

Sample Type

Summary of Chemical Analysis

Contract Title:   Warren Hall

Lab No.

Sample Ref

o-Xylene mg/kg DETS 068*

Styrene mg/kg DETS 068*

Bromoform mg/kg DETS 068*

Isopropylbenzene mg/kg DETS 068*

Bromobenzene mg/kg DETS 068*

1,2,3-trichloropropane mg/kg DETS 068*

n-propylbenzene mg/kg DETS 068*

2-chlorotoluene mg/kg DETS 068*

1,3,5-trimethylbenzene mg/kg DETS 068*

4-chlorotoluene mg/kg DETS 068*

Tert-butylbenzene mg/kg DETS 068*

1,2,4-trimethylbenzene mg/kg DETS 068*

sec-butylbenzene mg/kg DETS 068*

1,3-dichlorobenzene+p-isopropyltoluene mg/kg DETS 068*

1,4-dichlorobenzene mg/kg DETS 068*

n-butylbenzene mg/kg DETS 068*

1,2-dichlorobenzene mg/kg DETS 068*

1,2-dibromo-3-chloropropane mg/kg DETS 068*

1,2,4-trichlorobenzene mg/kg DETS 068*

Hexachlorobutadiene mg/kg DETS 068*

Naphthalene mg/kg DETS 068*

1,2,3-trichlorobenzene mg/kg DETS 068*

Trichloroethylene mg/kg DETS 068*

Methylene Chloride mg/kg DETS 068*

1,1 Dichloroethylene mg/kg DETS 068*

1,2-dichloroethane mg/kg DETS 068*

Benzene mg/kg DETS 068*

Carbon tetrachloride + 1,1-dichloropropene mg/kg DETS 068*

1,1,1-trichloroethane mg/kg DETS 068*

Chloroform mg/kg DETS 068*

Bromochloromethane mg/kg DETS 068*

2,2-dichlororopane+1,2-dichloroethylene mg/kg DETS 068*

1,1-dichloroethane mg/kg DETS 068*

Trans-1,2-dichloroethylene mg/kg DETS 068*

116595 116596 116597 116598

WS08 WS09 WS09 WS10

0.70 0.50 1.00 1.50

J J D D

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

Derwentside Environmental Testing Services Ltd Page 15 of 27



Soil Samples
Our Ref:           08-17171

Client Ref:        40274

Test Units DETSxx

Arsenic mg/kg DETS 042#

Cadmium mg/kg DETS 042

Chromium mg/kg DETS 042

Copper mg/kg DETS 042

Lead mg/kg DETS 042

Mercury mg/kg DETS 081*

Nickel mg/kg DETS 042

Selenium mg/kg DETS 042

Zinc mg/kg DETS 042#

Boron (water soluble) mg/kg DETS 020#

Cyanide free mg/kg DETS 067#

pH DETS 008#

Aliphatic C5-C6 mg/kg DETS 072*

Aliphatic C6-C8 mg/kg DETS 072*

Aliphatic C8-C10 mg/kg DETS 072*

Aliphatic C10-C12 mg/kg DETS 072*

Aliphatic C12-C16 mg/kg DETS 072*

Aliphatic C16-C21 mg/kg DETS 072*

Aliphatic C21-C35 mg/kg DETS 072*

Aromatic C5-C7 mg/kg DETS 072*

Aromatic C7-C8 mg/kg DETS 072*

Aromatic C8-C10 mg/kg DETS 072*

Aromatic C10-C12 mg/kg DETS 072*

Aromatic C12-C16 mg/kg DETS 072*

Aromatic C16-C21 mg/kg DETS 072*

Aromatic C21-C35 mg/kg DETS 072*

Aliphatic C5-C35 mg/kg DETS 072*

Aromatic C5-C35 mg/kg DETS 072*

TPH Ali/Aro mg/kg DETS 072*

Depth

Other Ref

Sample Type

Summary of Chemical Analysis

Contract Title:   Warren Hall

Lab No.

Sample Ref

116599 116600 116601 116602

WS10 WS11 WS11 WS12

2.70 0.50 1.50 0.50

D D D J

7 8 5 8

0.6 0.7 0.5 0.7

21 22 17 16

20 29 14 24

17 24 19 31

< 0.3 < 0.3 < 0.3 < 0.3

20 26 19 20

< 0.3 < 0.3 < 0.3 0.4

36 38 34 39

0.8 1.1 1.1 1.0

< 0.1 < 0.1

8.3 7.9

< 0.01

< 0.01

< 0.01

< 0.1

< 0.1

< 0.1

< 0.1

< 0.01

< 0.01

< 0.01

< 0.1

< 0.1

< 0.1

< 0.1

< 0.1

< 0.1

< 0.1
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Soil Samples
Our Ref:           08-17171

Client Ref:        40274

Test Units DETSxx

Depth

Other Ref

Sample Type

Summary of Chemical Analysis

Contract Title:   Warren Hall

Lab No.

Sample Ref

Acenaphthene mg/kg DETS 050

Acenapthylene mg/kg DETS 050

Anthracene mg/kg DETS 050

Benzo(a)anthracene mg/kg DETS 050

Benzo(a)pyrene mg/kg DETS 050

Benzo(b)fluoranthene mg/kg DETS 050

Benzo(k)fluoranthene mg/kg DETS 050

Benzo(g,h,i)perylene mg/kg DETS 050

Chrysene mg/kg DETS 050

Dibenzo(a,h)anthracene mg/kg DETS 050

Fluoranthene mg/kg DETS 050

Fluorene mg/kg DETS 050

Indeno(1,2,3-c,d)pyrene mg/kg DETS 050

Napthalene mg/kg DETS 050

Phenanthrene mg/kg DETS 050

Pyrene mg/kg DETS 050

PAH mg/kg DETS 050

Benzene mg/kg DETS 062#

Ethylbenzene mg/kg DETS 062#

Toluene mg/kg DETS 062#

Xylene mg/kg DETS 062#

Phenol - Monohydric mg/kg DETS 067#

PCB mg/kg DETS 052*

2,4,4'-Trichlorobiphenyl PCB 28 mg/kg DETS 052*

2,2',5,5'-Tetrachlorobiphenyl PCB 52 mg/kg DETS 052*

2,2',4,5,5'-Pentachlorobiphenyl PCB 101 mg/kg DETS 052*

2,3',4,4',5-Pentachlorobiphenyl PCB 118 mg/kg DETS 052*

2,2',4,4',5,5'-Hexachlorobiphenyl PCB 153 mg/kg DETS 052*

2,2',3,4,4',5'-Hexachlorobiphenyl PCB 138 mg/kg DETS 052*

2,2',3,4,4',5,5'-Heptachlorobiphenyl PCB 180 mg/kg DETS 052*

Total VOC's mg/kg DETS 068*

1,2-dichloropropane mg/kg DETS 068*

Dibromomethane mg/kg DETS 068*

Bromodichloromethane mg/kg DETS 068*

cis-1,3-dichloropropene mg/kg DETS 068*

Toluene mg/kg DETS 068*

trans-1,3-dichloropropene mg/kg DETS 068*

1,1,2-trichloroethane mg/kg DETS 068*

Tetrachloroethylene mg/kg DETS 068*

1,3-dichloropropane mg/kg DETS 068*

Dibromochloromethane mg/kg DETS 068*

1,2-dibromoethane mg/kg DETS 068*

Chlorobenzene mg/kg DETS 068*

Ethylbenzene+1,1,1,2-tetrachloroethane mg/kg DETS 068*

m+p-Xylene mg/kg DETS 068*

116599 116600 116601 116602

WS10 WS11 WS11 WS12

2.70 0.50 1.50 0.50

D D D J

0.1 < 0.1 0.3 0.2

< 0.1 < 0.1 < 0.1 < 0.1

< 0.1 < 0.1 < 0.1 < 0.1

0.4 0.7 0.5 0.5

0.7 1.2 0.9 1.2

0.6 0.9 < 0.1 1.3

< 0.1 < 0.1 < 0.1 < 0.1

0.2 0.4 0.3 0.5

< 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

0.2 0.7 1.0 0.8

< 0.1 < 0.1 < 0.1 < 0.1

< 0.1 < 0.1 < 0.1 < 0.1

< 0.1 < 0.1 < 0.1 < 0.1

< 5.0 < 5.0 < 5.0 < 5.0

< 0.01

< 0.01

< 0.01

< 0.01

< 0.3 < 0.3

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01
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Soil Samples
Our Ref:           08-17171

Client Ref:        40274

Test Units DETSxx

Depth

Other Ref

Sample Type

Summary of Chemical Analysis

Contract Title:   Warren Hall

Lab No.

Sample Ref

o-Xylene mg/kg DETS 068*

Styrene mg/kg DETS 068*

Bromoform mg/kg DETS 068*

Isopropylbenzene mg/kg DETS 068*

Bromobenzene mg/kg DETS 068*

1,2,3-trichloropropane mg/kg DETS 068*

n-propylbenzene mg/kg DETS 068*

2-chlorotoluene mg/kg DETS 068*

1,3,5-trimethylbenzene mg/kg DETS 068*

4-chlorotoluene mg/kg DETS 068*

Tert-butylbenzene mg/kg DETS 068*

1,2,4-trimethylbenzene mg/kg DETS 068*

sec-butylbenzene mg/kg DETS 068*

1,3-dichlorobenzene+p-isopropyltoluene mg/kg DETS 068*

1,4-dichlorobenzene mg/kg DETS 068*

n-butylbenzene mg/kg DETS 068*

1,2-dichlorobenzene mg/kg DETS 068*

1,2-dibromo-3-chloropropane mg/kg DETS 068*

1,2,4-trichlorobenzene mg/kg DETS 068*

Hexachlorobutadiene mg/kg DETS 068*

Naphthalene mg/kg DETS 068*

1,2,3-trichlorobenzene mg/kg DETS 068*

Trichloroethylene mg/kg DETS 068*

Methylene Chloride mg/kg DETS 068*

1,1 Dichloroethylene mg/kg DETS 068*

1,2-dichloroethane mg/kg DETS 068*

Benzene mg/kg DETS 068*

Carbon tetrachloride + 1,1-dichloropropene mg/kg DETS 068*

1,1,1-trichloroethane mg/kg DETS 068*

Chloroform mg/kg DETS 068*

Bromochloromethane mg/kg DETS 068*

2,2-dichlororopane+1,2-dichloroethylene mg/kg DETS 068*

1,1-dichloroethane mg/kg DETS 068*

Trans-1,2-dichloroethylene mg/kg DETS 068*

116599 116600 116601 116602

WS10 WS11 WS11 WS12

2.70 0.50 1.50 0.50

D D D J

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01
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Soil Samples
Our Ref:           08-17171

Client Ref:        40274

Test Units DETSxx

Arsenic mg/kg DETS 042#

Cadmium mg/kg DETS 042

Chromium mg/kg DETS 042

Copper mg/kg DETS 042

Lead mg/kg DETS 042

Mercury mg/kg DETS 081*

Nickel mg/kg DETS 042

Selenium mg/kg DETS 042

Zinc mg/kg DETS 042#

Boron (water soluble) mg/kg DETS 020#

Cyanide free mg/kg DETS 067#

pH DETS 008#

Aliphatic C5-C6 mg/kg DETS 072*

Aliphatic C6-C8 mg/kg DETS 072*

Aliphatic C8-C10 mg/kg DETS 072*

Aliphatic C10-C12 mg/kg DETS 072*

Aliphatic C12-C16 mg/kg DETS 072*

Aliphatic C16-C21 mg/kg DETS 072*

Aliphatic C21-C35 mg/kg DETS 072*

Aromatic C5-C7 mg/kg DETS 072*

Aromatic C7-C8 mg/kg DETS 072*

Aromatic C8-C10 mg/kg DETS 072*

Aromatic C10-C12 mg/kg DETS 072*

Aromatic C12-C16 mg/kg DETS 072*

Aromatic C16-C21 mg/kg DETS 072*

Aromatic C21-C35 mg/kg DETS 072*

Aliphatic C5-C35 mg/kg DETS 072*

Aromatic C5-C35 mg/kg DETS 072*

TPH Ali/Aro mg/kg DETS 072*

Depth

Other Ref

Sample Type

Summary of Chemical Analysis

Contract Title:   Warren Hall

Lab No.

Sample Ref

116603 116604 116605 116606

WS12 WS13 WS15 WS15

1.00 0.50 0.50 2.00

D D D D

7 5 6 4

0.6 0.5 0.7 0.5

15 17 17 15

19 19 20 10

25 15 28 16

< 0.3 < 0.3 < 0.3 < 0.3

19 21 21 15

< 0.3 < 0.3 < 0.3 < 0.3

42 35 43 31

0.8 1.1 1.0 1.3

< 0.01 < 0.01 < 0.01

< 0.01 < 0.01 < 0.01

< 0.01 < 0.01 < 0.01

< 0.1 < 0.1 < 0.1

< 0.1 < 0.1 < 0.1

< 0.1 < 0.1 < 0.1

< 0.1 < 0.1 < 0.1

< 0.01 < 0.01 < 0.01

< 0.01 < 0.01 < 0.01

< 0.01 < 0.01 < 0.01

< 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 < 0.1 < 0.1

< 0.1 < 0.1 < 0.1
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Soil Samples
Our Ref:           08-17171

Client Ref:        40274

Test Units DETSxx

Depth

Other Ref

Sample Type

Summary of Chemical Analysis

Contract Title:   Warren Hall

Lab No.

Sample Ref

Acenaphthene mg/kg DETS 050

Acenapthylene mg/kg DETS 050

Anthracene mg/kg DETS 050

Benzo(a)anthracene mg/kg DETS 050

Benzo(a)pyrene mg/kg DETS 050

Benzo(b)fluoranthene mg/kg DETS 050

Benzo(k)fluoranthene mg/kg DETS 050

Benzo(g,h,i)perylene mg/kg DETS 050

Chrysene mg/kg DETS 050

Dibenzo(a,h)anthracene mg/kg DETS 050

Fluoranthene mg/kg DETS 050

Fluorene mg/kg DETS 050

Indeno(1,2,3-c,d)pyrene mg/kg DETS 050

Napthalene mg/kg DETS 050

Phenanthrene mg/kg DETS 050

Pyrene mg/kg DETS 050

PAH mg/kg DETS 050

Benzene mg/kg DETS 062#

Ethylbenzene mg/kg DETS 062#

Toluene mg/kg DETS 062#

Xylene mg/kg DETS 062#

Phenol - Monohydric mg/kg DETS 067#

PCB mg/kg DETS 052*

2,4,4'-Trichlorobiphenyl PCB 28 mg/kg DETS 052*

2,2',5,5'-Tetrachlorobiphenyl PCB 52 mg/kg DETS 052*

2,2',4,5,5'-Pentachlorobiphenyl PCB 101 mg/kg DETS 052*

2,3',4,4',5-Pentachlorobiphenyl PCB 118 mg/kg DETS 052*

2,2',4,4',5,5'-Hexachlorobiphenyl PCB 153 mg/kg DETS 052*

2,2',3,4,4',5'-Hexachlorobiphenyl PCB 138 mg/kg DETS 052*

2,2',3,4,4',5,5'-Heptachlorobiphenyl PCB 180 mg/kg DETS 052*

Total VOC's mg/kg DETS 068*

1,2-dichloropropane mg/kg DETS 068*

Dibromomethane mg/kg DETS 068*

Bromodichloromethane mg/kg DETS 068*

cis-1,3-dichloropropene mg/kg DETS 068*

Toluene mg/kg DETS 068*

trans-1,3-dichloropropene mg/kg DETS 068*

1,1,2-trichloroethane mg/kg DETS 068*

Tetrachloroethylene mg/kg DETS 068*

1,3-dichloropropane mg/kg DETS 068*

Dibromochloromethane mg/kg DETS 068*

1,2-dibromoethane mg/kg DETS 068*

Chlorobenzene mg/kg DETS 068*

Ethylbenzene+1,1,1,2-tetrachloroethane mg/kg DETS 068*

m+p-Xylene mg/kg DETS 068*

116603 116604 116605 116606

WS12 WS13 WS15 WS15

1.00 0.50 0.50 2.00

D D D D

< 0.1 < 0.1 0.2 < 0.1

< 0.1 < 0.1 < 0.1 < 0.1

< 0.1 < 0.1 < 0.1 < 0.1

0.4 0.7 0.6 0.8

1.1 1.1 1.3 2.1

< 0.1 < 0.1 1.1 < 0.1

< 0.1 < 0.1 < 0.1 < 0.1

0.2 0.3 0.4 0.7

< 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

0.6 0.5 0.9 1.3

< 0.1 < 0.1 < 0.1 < 0.1

< 0.1 < 0.1 < 0.1 < 0.1

< 0.1 < 0.1 < 0.1 < 0.1

< 5.0 < 5.0 < 5.0 5.0

< 0.01 < 0.01 < 0.01

< 0.01 < 0.01 < 0.01

< 0.01 < 0.01 < 0.01

< 0.01 < 0.01 < 0.01

< 0.3 < 0.3 < 0.3 < 0.3

< 0.01 < 0.01 < 0.01

< 0.01 < 0.01 < 0.01

< 0.01 < 0.01 < 0.01

< 0.01 < 0.01 < 0.01

< 0.01 < 0.01 < 0.01

< 0.01 < 0.01 < 0.01

< 0.01 < 0.01 < 0.01

< 0.01 < 0.01 < 0.01

< 0.01 < 0.01 < 0.01

< 0.01 < 0.01 < 0.01

< 0.01 < 0.01 < 0.01

< 0.01 < 0.01 < 0.01

< 0.01 < 0.01 < 0.01

< 0.01 < 0.01 < 0.01

< 0.01 < 0.01 < 0.01

< 0.01 < 0.01 < 0.01

< 0.01 < 0.01 < 0.01

< 0.01 < 0.01 < 0.01

< 0.01 < 0.01 < 0.01

< 0.01 < 0.01 < 0.01

< 0.01 < 0.01 < 0.01

< 0.01 < 0.01 < 0.01

< 0.01 < 0.01 < 0.01
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Soil Samples
Our Ref:           08-17171

Client Ref:        40274

Test Units DETSxx

Depth

Other Ref

Sample Type

Summary of Chemical Analysis

Contract Title:   Warren Hall

Lab No.

Sample Ref

o-Xylene mg/kg DETS 068*

Styrene mg/kg DETS 068*

Bromoform mg/kg DETS 068*

Isopropylbenzene mg/kg DETS 068*

Bromobenzene mg/kg DETS 068*

1,2,3-trichloropropane mg/kg DETS 068*

n-propylbenzene mg/kg DETS 068*

2-chlorotoluene mg/kg DETS 068*

1,3,5-trimethylbenzene mg/kg DETS 068*

4-chlorotoluene mg/kg DETS 068*

Tert-butylbenzene mg/kg DETS 068*

1,2,4-trimethylbenzene mg/kg DETS 068*

sec-butylbenzene mg/kg DETS 068*

1,3-dichlorobenzene+p-isopropyltoluene mg/kg DETS 068*

1,4-dichlorobenzene mg/kg DETS 068*

n-butylbenzene mg/kg DETS 068*

1,2-dichlorobenzene mg/kg DETS 068*

1,2-dibromo-3-chloropropane mg/kg DETS 068*

1,2,4-trichlorobenzene mg/kg DETS 068*

Hexachlorobutadiene mg/kg DETS 068*

Naphthalene mg/kg DETS 068*

1,2,3-trichlorobenzene mg/kg DETS 068*

Trichloroethylene mg/kg DETS 068*

Methylene Chloride mg/kg DETS 068*

1,1 Dichloroethylene mg/kg DETS 068*

1,2-dichloroethane mg/kg DETS 068*

Benzene mg/kg DETS 068*

Carbon tetrachloride + 1,1-dichloropropene mg/kg DETS 068*

1,1,1-trichloroethane mg/kg DETS 068*

Chloroform mg/kg DETS 068*

Bromochloromethane mg/kg DETS 068*

2,2-dichlororopane+1,2-dichloroethylene mg/kg DETS 068*

1,1-dichloroethane mg/kg DETS 068*

Trans-1,2-dichloroethylene mg/kg DETS 068*

116603 116604 116605 116606

WS12 WS13 WS15 WS15

1.00 0.50 0.50 2.00

D D D D

< 0.01 < 0.01 < 0.01

< 0.01 < 0.01 < 0.01

< 0.01 < 0.01 < 0.01

< 0.01 < 0.01 < 0.01

< 0.01 < 0.01 < 0.01

< 0.01 < 0.01 < 0.01

< 0.01 < 0.01 < 0.01

< 0.01 < 0.01 < 0.01

< 0.01 < 0.01 < 0.01

< 0.01 < 0.01 < 0.01

< 0.01 < 0.01 < 0.01

< 0.01 < 0.01 < 0.01

< 0.01 < 0.01 < 0.01

< 0.01 < 0.01 < 0.01

< 0.01 < 0.01 < 0.01

< 0.01 < 0.01 < 0.01

< 0.01 < 0.01 < 0.01

< 0.01 < 0.01 < 0.01

< 0.01 < 0.01 < 0.01

< 0.01 < 0.01 < 0.01

< 0.01 < 0.01 < 0.01

< 0.01 < 0.01 < 0.01

< 0.01 < 0.01 < 0.01

< 0.01 < 0.01 < 0.01

< 0.01 < 0.01 < 0.01

< 0.01 < 0.01 < 0.01

< 0.01 < 0.01 < 0.01

< 0.01 < 0.01 < 0.01

< 0.01 < 0.01 < 0.01

< 0.01 < 0.01 < 0.01

< 0.01 < 0.01 < 0.01

< 0.01 < 0.01 < 0.01

< 0.01 < 0.01 < 0.01

< 0.01 < 0.01 < 0.01
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Soil Samples
Our Ref:           08-17171

Client Ref:        40274

Test Units DETSxx

Arsenic mg/kg DETS 042#

Cadmium mg/kg DETS 042

Chromium mg/kg DETS 042

Copper mg/kg DETS 042

Lead mg/kg DETS 042

Mercury mg/kg DETS 081*

Nickel mg/kg DETS 042

Selenium mg/kg DETS 042

Zinc mg/kg DETS 042#

Boron (water soluble) mg/kg DETS 020#

Cyanide free mg/kg DETS 067#

pH DETS 008#

Aliphatic C5-C6 mg/kg DETS 072*

Aliphatic C6-C8 mg/kg DETS 072*

Aliphatic C8-C10 mg/kg DETS 072*

Aliphatic C10-C12 mg/kg DETS 072*

Aliphatic C12-C16 mg/kg DETS 072*

Aliphatic C16-C21 mg/kg DETS 072*

Aliphatic C21-C35 mg/kg DETS 072*

Aromatic C5-C7 mg/kg DETS 072*

Aromatic C7-C8 mg/kg DETS 072*

Aromatic C8-C10 mg/kg DETS 072*

Aromatic C10-C12 mg/kg DETS 072*

Aromatic C12-C16 mg/kg DETS 072*

Aromatic C16-C21 mg/kg DETS 072*

Aromatic C21-C35 mg/kg DETS 072*

Aliphatic C5-C35 mg/kg DETS 072*

Aromatic C5-C35 mg/kg DETS 072*

TPH Ali/Aro mg/kg DETS 072*

Depth

Other Ref

Sample Type

Summary of Chemical Analysis

Contract Title:   Warren Hall

Lab No.

Sample Ref

116607 116608 116609 116610

WS16 WS17 WS17 TP5

0.30 1.00 1.30 1.50

J D D J

9 7 6

0.9 0.7 0.7

22 19 18

32 18 20

12 17 19

< 0.3 < 0.3 < 0.3

38 23 25

< 0.3 < 0.3 < 0.3

61 43 46

0.7 0.8 0.8

< 0.01 < 0.01

< 0.01 < 0.01

< 0.01 < 0.01

< 0.1 < 0.1

< 0.1 < 0.1

< 0.1 < 0.1

< 0.1 < 0.1

< 0.01 < 0.01

< 0.01 < 0.01

< 0.01 < 0.01

< 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
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Soil Samples
Our Ref:           08-17171

Client Ref:        40274

Test Units DETSxx

Depth

Other Ref

Sample Type

Summary of Chemical Analysis

Contract Title:   Warren Hall

Lab No.

Sample Ref

Acenaphthene mg/kg DETS 050

Acenapthylene mg/kg DETS 050

Anthracene mg/kg DETS 050

Benzo(a)anthracene mg/kg DETS 050

Benzo(a)pyrene mg/kg DETS 050

Benzo(b)fluoranthene mg/kg DETS 050

Benzo(k)fluoranthene mg/kg DETS 050

Benzo(g,h,i)perylene mg/kg DETS 050

Chrysene mg/kg DETS 050

Dibenzo(a,h)anthracene mg/kg DETS 050

Fluoranthene mg/kg DETS 050

Fluorene mg/kg DETS 050

Indeno(1,2,3-c,d)pyrene mg/kg DETS 050

Napthalene mg/kg DETS 050

Phenanthrene mg/kg DETS 050

Pyrene mg/kg DETS 050

PAH mg/kg DETS 050

Benzene mg/kg DETS 062#

Ethylbenzene mg/kg DETS 062#

Toluene mg/kg DETS 062#

Xylene mg/kg DETS 062#

Phenol - Monohydric mg/kg DETS 067#

PCB mg/kg DETS 052*

2,4,4'-Trichlorobiphenyl PCB 28 mg/kg DETS 052*

2,2',5,5'-Tetrachlorobiphenyl PCB 52 mg/kg DETS 052*

2,2',4,5,5'-Pentachlorobiphenyl PCB 101 mg/kg DETS 052*

2,3',4,4',5-Pentachlorobiphenyl PCB 118 mg/kg DETS 052*

2,2',4,4',5,5'-Hexachlorobiphenyl PCB 153 mg/kg DETS 052*

2,2',3,4,4',5'-Hexachlorobiphenyl PCB 138 mg/kg DETS 052*

2,2',3,4,4',5,5'-Heptachlorobiphenyl PCB 180 mg/kg DETS 052*

Total VOC's mg/kg DETS 068*

1,2-dichloropropane mg/kg DETS 068*

Dibromomethane mg/kg DETS 068*

Bromodichloromethane mg/kg DETS 068*

cis-1,3-dichloropropene mg/kg DETS 068*

Toluene mg/kg DETS 068*

trans-1,3-dichloropropene mg/kg DETS 068*

1,1,2-trichloroethane mg/kg DETS 068*

Tetrachloroethylene mg/kg DETS 068*

1,3-dichloropropane mg/kg DETS 068*

Dibromochloromethane mg/kg DETS 068*

1,2-dibromoethane mg/kg DETS 068*

Chlorobenzene mg/kg DETS 068*

Ethylbenzene+1,1,1,2-tetrachloroethane mg/kg DETS 068*

m+p-Xylene mg/kg DETS 068*

116607 116608 116609 116610

WS16 WS17 WS17 TP5

0.30 1.00 1.30 1.50

J D D J

< 0.1 < 0.1 < 0.1

< 0.1 < 0.1 < 0.1

< 0.1 < 0.1 < 0.1

0.7 0.7 0.4

1.6 1.6 1.2

< 0.1 < 0.1 < 0.1

< 0.1 < 0.1 < 0.1

0.6 0.6 0.3

< 0.1 < 0.1 < 0.1

< 0.1 < 0.1 < 0.1

< 0.1 < 0.1 < 0.1

0.1 < 0.1 < 0.1

0.8 0.9 0.6

< 0.1 < 0.1 < 0.1

< 0.1 < 0.1 < 0.1

< 0.1 < 0.1 < 0.1

< 5.0 < 5.0 < 5.0

< 0.01 < 0.01

< 0.01 < 0.01

< 0.01 < 0.01

< 0.01 < 0.01

< 0.3 < 0.3 < 0.3

< 0.01 < 0.01

< 0.01 < 0.01

< 0.01 < 0.01

< 0.01 < 0.01

< 0.01 < 0.01

< 0.01 < 0.01

< 0.01 < 0.01

< 0.01 < 0.01

< 0.01 < 0.01

< 0.01 < 0.01

< 0.01 < 0.01

< 0.01 < 0.01

< 0.01 < 0.01

< 0.01 < 0.01

< 0.01 < 0.01

< 0.01 < 0.01

< 0.01 < 0.01

< 0.01 < 0.01

< 0.01 < 0.01

< 0.01 < 0.01

< 0.01 < 0.01

< 0.01 < 0.01

< 0.01 < 0.01
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Soil Samples
Our Ref:           08-17171

Client Ref:        40274

Test Units DETSxx

Depth

Other Ref

Sample Type

Summary of Chemical Analysis

Contract Title:   Warren Hall

Lab No.

Sample Ref

o-Xylene mg/kg DETS 068*

Styrene mg/kg DETS 068*

Bromoform mg/kg DETS 068*

Isopropylbenzene mg/kg DETS 068*

Bromobenzene mg/kg DETS 068*

1,2,3-trichloropropane mg/kg DETS 068*

n-propylbenzene mg/kg DETS 068*

2-chlorotoluene mg/kg DETS 068*

1,3,5-trimethylbenzene mg/kg DETS 068*

4-chlorotoluene mg/kg DETS 068*

Tert-butylbenzene mg/kg DETS 068*

1,2,4-trimethylbenzene mg/kg DETS 068*

sec-butylbenzene mg/kg DETS 068*

1,3-dichlorobenzene+p-isopropyltoluene mg/kg DETS 068*

1,4-dichlorobenzene mg/kg DETS 068*

n-butylbenzene mg/kg DETS 068*

1,2-dichlorobenzene mg/kg DETS 068*

1,2-dibromo-3-chloropropane mg/kg DETS 068*

1,2,4-trichlorobenzene mg/kg DETS 068*

Hexachlorobutadiene mg/kg DETS 068*

Naphthalene mg/kg DETS 068*

1,2,3-trichlorobenzene mg/kg DETS 068*

Trichloroethylene mg/kg DETS 068*

Methylene Chloride mg/kg DETS 068*

1,1 Dichloroethylene mg/kg DETS 068*

1,2-dichloroethane mg/kg DETS 068*

Benzene mg/kg DETS 068*

Carbon tetrachloride + 1,1-dichloropropene mg/kg DETS 068*

1,1,1-trichloroethane mg/kg DETS 068*

Chloroform mg/kg DETS 068*

Bromochloromethane mg/kg DETS 068*

2,2-dichlororopane+1,2-dichloroethylene mg/kg DETS 068*

1,1-dichloroethane mg/kg DETS 068*

Trans-1,2-dichloroethylene mg/kg DETS 068*

116607 116608 116609 116610

WS16 WS17 WS17 TP5

0.30 1.00 1.30 1.50

J D D J

< 0.01 < 0.01

< 0.01 < 0.01

< 0.01 < 0.01

< 0.01 < 0.01

< 0.01 < 0.01

< 0.01 < 0.01

< 0.01 < 0.01

< 0.01 < 0.01

< 0.01 < 0.01

< 0.01 < 0.01

< 0.01 < 0.01

< 0.01 < 0.01

< 0.01 < 0.01

< 0.01 < 0.01

< 0.01 < 0.01

< 0.01 < 0.01

< 0.01 < 0.01

< 0.01 < 0.01

< 0.01 < 0.01

< 0.01 < 0.01

< 0.01 < 0.01

< 0.01 < 0.01

< 0.01 < 0.01

< 0.01 < 0.01

< 0.01 < 0.01

< 0.01 < 0.01

< 0.01 < 0.01

< 0.01 < 0.01

< 0.01 < 0.01

< 0.01 < 0.01

< 0.01 < 0.01

< 0.01 < 0.01

< 0.01 < 0.01

< 0.01 < 0.01

Derwentside Environmental Testing Services Ltd Page 24 of 27



Appendix A - Details of Analysis

Method details are shown only for those determinants listed in Annex A of the MCERTS standard.  Anything not included on this list falls outside the scope of MCERTS.

No Recovery Factors are used in the determination of results. Results reported assume 100% recovery

Full method statements are available on request.

Method Units Sub-Contracted UKAS MCERTS

DETS 002 Organic Matter % Yes No

DETS 003 Loss on Ignition % Yes Yes

DETS 004 Total Sulphate % Yes Yes

DETS 075 Total Sulphate % Yes Yes

DETS 004 Water Soluble Sulphate g/l Yes Yes

DETS 076 Water Soluble Sulphate g/l Yes Yes

DETS 006 Chloride mg/kg Yes Yes

DETS 008 pH pH Units Yes Yes

DETS 042 Selenium mg/kg Yes No

DETS 055 Ammonia mg/kg No No

DETS 020 Boron (Water Soluble) mg/kg Yes Yes

DETS 024 Sulphide mg/kg Yes Yes

DETS 042 Antimony mg/kg No No

DETS 042 Arsenic mg/kg Yes Yes

DETS 042 Barium mg/kg No No

DET S 042 Beryllium mg/kg No No

DETS 042 Cadmium mg/kg Yes No

0.01 Air Dried No

0.01 Air Dried No

0.01 Air Dried No

1.00

1.00

1.00

0.20 Air Dried

0.01

0.10

0.30

0.02

0.20

10.00

1.00

Name of Parameter Limit of Detection

0.01

0.01

0.01

Sample Preparation

Air Dried

Air Dried

Air Dried

Air Dried

Air Dried

Air Dried

Air Dried

Air Dried

Air Dried

Air Dried

Air Dried

Air Dried

No

No

No

No

No

No

No

No

Air Dried

No

No

No

No

No

No
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Appendix A - Details of Analysis

Method details are shown only for those determinants listed in Annex A of the MCERTS standard.  Anything not included on this list falls outside the scope of MCERTS.

No Recovery Factors are used in the determination of results. Results reported assume 100% recovery

Full method statements are available on request.

Method Units Sub-Contracted UKAS MCERTSName of Parameter Limit of Detection Sample Preparation

DETS 042 Cobalt mg/kg No No

DETS 042 Copper mg/kg Yes No

DETS 042 Chromium mg/kg Yes No

DETS 042 Iron mg/kg No No

DETS 042 Lead mg/kg Yes No

DETS 042 Manganese mg/kg No No

DETS 081 Mercury mg/kg No No

DETS 042 Molybdenum mg/kg No No

DETS 042 Nickel mg/kg Yes No

DETS 042 Thallium mg/kg No No

DETS 042 Vanadium mg/kg No No

DETS 042 Zinc mg/kg Yes Yes

DETS 049 Sulphur (Free) mg/kg Yes Yes

DETS 050 PAH mg/kg Yes No

DETS 051 TPH (C10 - C40) mg/kg Yes Yes

1.00 Air Dried No

Air Dried No

1.00 Air Dried

1.00 Air Dried No

0.30 Air Dried No

1.00 Air Dried No

No

1.00

0.20

1.00

Air Dried

1.00

Air Dried

Air Dried

No

No

No

1.00 Air Dried No

1.00 Air Dried No

1.00 Air Dried No

0.50 As Received No

0.10 As Received No

20.00 As Received No
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Appendix A - Details of Analysis

Method details are shown only for those determinants listed in Annex A of the MCERTS standard.  Anything not included on this list falls outside the scope of MCERTS.

No Recovery Factors are used in the determination of results. Results reported assume 100% recovery

Full method statements are available on request.

Method Units Sub-Contracted UKAS MCERTSName of Parameter Limit of Detection Sample Preparation

DETS 052 PCB mg/kg Yes Yes

DETS 062 Benzene mg/kg Yes Yes

DETS 062 Toluene mg/kg Yes Yes

DETS 062 Ethylbenzne mg/kg Yes Yes

DETS 062 Xylene mg/kg Yes Yes

DETS 067 Phenol - Monohydric mg/kg Yes Yes

DETS 067 Easily Liberatable Cyanide mg/kg Yes Yes

DETS 067 Complex Cyanide mg/kg Yes No

DETS 067 Total Cyanide mg/kg Yes Yes

DETS 067 Thiocyanate mg/kg Yes Yes

DETS 068 VOC mg/kg No No

0.01 As Received No

0.01 As Received No

0.01 As Received No

0.01 As Received No

0.01 As Received No

0.3 Air Dried No

0.1 Air Dried No

0.30 Air Dried No

0.01 As Received No

0.40 Air Dried No

0.6 Air Dried No
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Date: 12/02/2008

        2139 Certificate Number: 08-17051

Client: Ian Farmer Associates
17 Rivington Court
Hardwick Grange
Woolston
Warrington
Cheshire
WA1 4RT

Our Reference: 08-17051

Client Reference: 40274

Contract Title: Warren Hall

Description: 21 soil samples

Date Received: 30/01/2008

Date Started: 30/01/2008

Date Completed: 12/02/2008

Test Procedures: Identified by prefix DETSn, details available upon request.

Notes: Observations and interpretations are outside the scope of UKAS accreditation

* denotes test not included in laboratory scope of accreditation

# denotes test that holds MCERT accreditation

$ denotes tests completed by approved subcontractors

I/S denotes insufficient sample to carry out test

N/S denotes that the sample is not suitable for testing

Solid samples will be disposed 1 month and liquids 2 weeks

after the date of issue of this test certificate

Approved By:

Authorised Signatories: Rob Brown

Business Manager

Page 1 of 19

Certificate of Analysis

This certificate is issued in accordance with the accreditation requirements of the United Kingdom Accreditation Service.  The results reported herein 

relate only to the material supplied to the laboratory.  This certificate shall not be reproduced except in full, without the prior written approval of the 

laboratory.

  



Soil Samples
Our Ref:           08-17051

Client Ref:        40274

115726 115727 115728 115729

TP01 TP02 TP03 TP03

0.30 0.30 0.30 0.90

Test Units DETSxx

Arsenic mg/kg DETS 042# 6 6 6 44

Cadmium mg/kg DETS 042 1.1 1.2 1.3 1.9

Chromium mg/kg DETS 042 18 17 16 13

Copper mg/kg DETS 042 15 9 12 19

Lead mg/kg DETS 042 23 27 21 59

Mercury mg/kg DETS 081* < 0.3 < 0.3 < 0.3 < 0.3

Nickel mg/kg DETS 042 24 11 15 3

Selenium mg/kg DETS 042 < 0.3 < 0.3 < 0.3 < 0.3

Zinc mg/kg DETS 042# 39 30 32 13

Boron (water soluble) mg/kg DETS 020# < 0.2 < 0.2 0.3 0.5

Cyanide free mg/kg DETS 067# < 0.1 < 0.1 < 0.1 < 0.1

Sulphate Aqueous Extract as SO4 g/l DETS 076# 0.02 0.02 < 0.01 0.05

pH DETS 008# 8.6 8.5 8.6 6.3

Aliphatic C5-C6 mg/kg DETS 072* < 0.01

Aliphatic C6-C8 mg/kg DETS 072* < 0.01

Aliphatic C8-C10 mg/kg DETS 072* < 0.01

Aliphatic C10-C12 mg/kg DETS 072* < 0.1

Aliphatic C12-C16 mg/kg DETS 072* < 0.1

Aliphatic C16-C21 mg/kg DETS 072* < 0.1

Aliphatic C21-C35 mg/kg DETS 072* < 0.1

Aromatic C5-C7 mg/kg DETS 072* < 0.01

Aromatic C7-C8 mg/kg DETS 072* < 0.01

Aromatic C8-C10 mg/kg DETS 072* < 0.01

Aromatic C10-C12 mg/kg DETS 072* < 0.1

Aromatic C12-C16 mg/kg DETS 072* < 0.1

Aromatic C16-C21 mg/kg DETS 072* < 0.1

Aromatic C21-C35 mg/kg DETS 072* < 0.1

Aliphatic C5-C35 mg/kg DETS 072* < 0.1

Aromatic C5-C35 mg/kg DETS 072* < 0.1

TPH Ali/Aro mg/kg DETS 072* < 0.1

Depth

Other Ref

Sample Type

Summary of Chemical Analysis

Contract Title:   Warren Hall

Lab No.

Sample Ref
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Soil Samples
Our Ref:           08-17051

Client Ref:        40274

115726 115727 115728 115729

TP01 TP02 TP03 TP03

0.30 0.30 0.30 0.90

Test Units DETSxx

Depth

Other Ref

Sample Type

Summary of Chemical Analysis

Contract Title:   Warren Hall

Lab No.

Sample Ref

Acenaphthene mg/kg DETS 050 < 0.1 < 0.1 < 0.1 < 0.1

Acenapthylene mg/kg DETS 050 < 0.1 < 0.1 < 0.1 < 0.1

Anthracene mg/kg DETS 050 < 0.1 < 0.1 < 0.1 < 0.1

Benzo(a)anthracene mg/kg DETS 050 < 0.1 < 0.1 < 0.1 < 0.1

Benzo(a)pyrene mg/kg DETS 050 < 0.1 < 0.1 < 0.1 < 0.1

Benzo(b)fluoranthene mg/kg DETS 050 < 0.1 < 0.1 < 0.1 < 0.1

Benzo(k)fluoranthene mg/kg DETS 050 < 0.1 < 0.1 < 0.1 < 0.1

Benzo(g,h,i)perylene mg/kg DETS 050 < 0.1 < 0.1 < 0.1 < 0.1

Chrysene mg/kg DETS 050 < 0.1 < 0.1 < 0.1 < 0.1

Dibenzo(a,h)anthracene mg/kg DETS 050 < 0.1 < 0.1 < 0.1 < 0.1

Fluoranthene mg/kg DETS 050 < 0.1 < 0.1 < 0.1 < 0.1

Fluorene mg/kg DETS 050 < 0.1 < 0.1 < 0.1 0.1

Indeno(1,2,3-c,d)pyrene mg/kg DETS 050 < 0.1 < 0.1 < 0.1 < 0.1

Napthalene mg/kg DETS 050 < 0.1 < 0.1 < 0.1 < 0.1

Phenanthrene mg/kg DETS 050 < 0.1 < 0.1 < 0.1 < 0.1

Pyrene mg/kg DETS 050 < 0.1 < 0.1 < 0.1 < 0.1

PAH mg/kg DETS 050 < 5.0 < 5.0 < 5.0 < 5.0

Benzene mg/kg DETS 062# < 0.01

Ethylbenzene mg/kg DETS 062# < 0.01

Toluene mg/kg DETS 062# < 0.01

Xylene mg/kg DETS 062# < 0.01

Phenol - Monohydric mg/kg DETS 067# < 0.3 < 0.3 < 0.3 < 0.3

PCB mg/kg DETS 052* < 0.01

2,2',4,4',5,5'-Hexachlorobiphenyl PCB 153 mg/kg DETS 052* < 0.01

2,3',4,4',5-Pentachlorobiphenyl PCB 118 mg/kg DETS 052* < 0.01

2,2',3,4,4',5,5'-Heptachlorobiphenyl PCB 180 mg/kg DETS 052* < 0.01

2,2',3,4,4',5'-Hexachlorobiphenyl PCB 138 mg/kg DETS 052* < 0.01

2,2',4,5,5'-Pentachlorobiphenyl PCB 101 mg/kg DETS 052* < 0.01

2,4,4'-Trichlorobiphenyl PCB 28 mg/kg DETS 052* < 0.01

2,2',5,5'-Tetrachlorobiphenyl PCB 52 mg/kg DETS 052* < 0.01

Total VOC's mg/kg DETS 068* < 0.01

1,2-dichloropropane mg/kg DETS 068* < 0.01

Dibromomethane mg/kg DETS 068* < 0.01

Bromodichloromethane mg/kg DETS 068* < 0.01

cis-1,3-dichloropropene mg/kg DETS 068* < 0.01

Toluene mg/kg DETS 068* < 0.01

trans-1,3-dichloropropene mg/kg DETS 068* < 0.01

1,1,2-trichloroethane mg/kg DETS 068* < 0.01

Tetrachloroethylene mg/kg DETS 068* < 0.01

1,3-dichloropropane mg/kg DETS 068* < 0.01

Dibromochloromethane mg/kg DETS 068* < 0.01

1,2-dibromoethane mg/kg DETS 068* < 0.01

Chlorobenzene mg/kg DETS 068* < 0.01

Ethylbenzene+1,1,1,2-tetrachloroethane mg/kg DETS 068* < 0.01

m+p-Xylene mg/kg DETS 068* < 0.01
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Soil Samples
Our Ref:           08-17051

Client Ref:        40274

115726 115727 115728 115729

TP01 TP02 TP03 TP03

0.30 0.30 0.30 0.90

Test Units DETSxx

Depth

Other Ref

Sample Type

Summary of Chemical Analysis

Contract Title:   Warren Hall

Lab No.

Sample Ref

o-Xylene mg/kg DETS 068* < 0.01

Styrene mg/kg DETS 068* < 0.01

Bromoform mg/kg DETS 068* < 0.01

Isopropylbenzene mg/kg DETS 068* < 0.01

Bromobenzene mg/kg DETS 068* < 0.01

1,2,3-trichloropropane mg/kg DETS 068* < 0.01

n-propylbenzene mg/kg DETS 068* < 0.01

2-chlorotoluene mg/kg DETS 068* < 0.01

1,3,5-trimethylbenzene mg/kg DETS 068* < 0.01

4-chlorotoluene mg/kg DETS 068* < 0.01

Tert-butylbenzene mg/kg DETS 068* < 0.01

1,2,4-trimethylbenzene mg/kg DETS 068* < 0.01

sec-butylbenzene mg/kg DETS 068* < 0.01

1,3-dichlorobenzene+p-isopropyltoluene mg/kg DETS 068* < 0.01

1,4-dichlorobenzene mg/kg DETS 068* < 0.01

n-butylbenzene mg/kg DETS 068* < 0.01

1,2-dichlorobenzene mg/kg DETS 068* < 0.01

1,2-dibromo-3-chloropropane mg/kg DETS 068* < 0.01

1,2,4-trichlorobenzene mg/kg DETS 068* < 0.01

Hexachlorobutadiene mg/kg DETS 068* < 0.01

Naphthalene mg/kg DETS 068* < 0.01

1,2,3-trichlorobenzene mg/kg DETS 068* < 0.01

Trichloroethylene mg/kg DETS 068* < 0.01

Chloroform mg/kg DETS 068* < 0.01

Bromochloromethane mg/kg DETS 068* < 0.01

2,2-dichlororopane+1,2-dichloroethylene mg/kg DETS 068* < 0.01

1,1-dichloroethane mg/kg DETS 068* < 0.01

1,2-dichloroethane mg/kg DETS 068* < 0.01

Benzene mg/kg DETS 068* < 0.01

Carbon tetrachloride + 1,1-dichloropropene mg/kg DETS 068* < 0.01

Trans-1,2-dichloroethylene mg/kg DETS 068* < 0.01

Methylene Chloride mg/kg DETS 068* < 0.01

1,1 Dichloroethylene mg/kg DETS 068* < 0.01

1,1,1-trichloroethane mg/kg DETS 068* < 0.01
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Soil Samples
Our Ref:           08-17051

Client Ref:        40274

Test Units DETSxx

Arsenic mg/kg DETS 042#

Cadmium mg/kg DETS 042

Chromium mg/kg DETS 042

Copper mg/kg DETS 042

Lead mg/kg DETS 042

Mercury mg/kg DETS 081*

Nickel mg/kg DETS 042

Selenium mg/kg DETS 042

Zinc mg/kg DETS 042#

Boron (water soluble) mg/kg DETS 020#

Cyanide free mg/kg DETS 067#

Sulphate Aqueous Extract as SO4 g/l DETS 076#

pH DETS 008#

Aliphatic C5-C6 mg/kg DETS 072*

Aliphatic C6-C8 mg/kg DETS 072*

Aliphatic C8-C10 mg/kg DETS 072*

Aliphatic C10-C12 mg/kg DETS 072*

Aliphatic C12-C16 mg/kg DETS 072*

Aliphatic C16-C21 mg/kg DETS 072*

Aliphatic C21-C35 mg/kg DETS 072*

Aromatic C5-C7 mg/kg DETS 072*

Aromatic C7-C8 mg/kg DETS 072*

Aromatic C8-C10 mg/kg DETS 072*

Aromatic C10-C12 mg/kg DETS 072*

Aromatic C12-C16 mg/kg DETS 072*

Aromatic C16-C21 mg/kg DETS 072*

Aromatic C21-C35 mg/kg DETS 072*

Aliphatic C5-C35 mg/kg DETS 072*

Aromatic C5-C35 mg/kg DETS 072*

TPH Ali/Aro mg/kg DETS 072*

Depth

Other Ref

Sample Type

Summary of Chemical Analysis

Contract Title:   Warren Hall

Lab No.

Sample Ref

115730 115731 115732 115733

TP04 TP05 TP05 TP06

0.30 0.30 1.80 0.50

5 6 9 6

0.8 1.5 1.5 0.8

14 13 17 12

17 11 27 13

13 22 56 38

< 0.3 < 0.3 < 0.3 < 0.3

12 19 25 11

< 0.3 < 0.3 < 0.3 < 0.3

24 32 61 38

1.6 0.8 0.5 1.1

< 0.1 0.1 < 0.1 < 0.1

0.01 0.01 0.01 0.05

8.1 7.4 7.7 6.7
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Soil Samples
Our Ref:           08-17051

Client Ref:        40274

Test Units DETSxx

Depth

Other Ref

Sample Type

Summary of Chemical Analysis

Contract Title:   Warren Hall

Lab No.

Sample Ref

Acenaphthene mg/kg DETS 050

Acenapthylene mg/kg DETS 050

Anthracene mg/kg DETS 050

Benzo(a)anthracene mg/kg DETS 050

Benzo(a)pyrene mg/kg DETS 050

Benzo(b)fluoranthene mg/kg DETS 050

Benzo(k)fluoranthene mg/kg DETS 050

Benzo(g,h,i)perylene mg/kg DETS 050

Chrysene mg/kg DETS 050

Dibenzo(a,h)anthracene mg/kg DETS 050

Fluoranthene mg/kg DETS 050

Fluorene mg/kg DETS 050

Indeno(1,2,3-c,d)pyrene mg/kg DETS 050

Napthalene mg/kg DETS 050

Phenanthrene mg/kg DETS 050

Pyrene mg/kg DETS 050

PAH mg/kg DETS 050

Benzene mg/kg DETS 062#

Ethylbenzene mg/kg DETS 062#

Toluene mg/kg DETS 062#

Xylene mg/kg DETS 062#

Phenol - Monohydric mg/kg DETS 067#

PCB mg/kg DETS 052*

2,2',4,4',5,5'-Hexachlorobiphenyl PCB 153 mg/kg DETS 052*

2,3',4,4',5-Pentachlorobiphenyl PCB 118 mg/kg DETS 052*

2,2',3,4,4',5,5'-Heptachlorobiphenyl PCB 180 mg/kg DETS 052*

2,2',3,4,4',5'-Hexachlorobiphenyl PCB 138 mg/kg DETS 052*

2,2',4,5,5'-Pentachlorobiphenyl PCB 101 mg/kg DETS 052*

2,4,4'-Trichlorobiphenyl PCB 28 mg/kg DETS 052*

2,2',5,5'-Tetrachlorobiphenyl PCB 52 mg/kg DETS 052*

Total VOC's mg/kg DETS 068*

1,2-dichloropropane mg/kg DETS 068*

Dibromomethane mg/kg DETS 068*

Bromodichloromethane mg/kg DETS 068*

cis-1,3-dichloropropene mg/kg DETS 068*

Toluene mg/kg DETS 068*

trans-1,3-dichloropropene mg/kg DETS 068*

1,1,2-trichloroethane mg/kg DETS 068*

Tetrachloroethylene mg/kg DETS 068*

1,3-dichloropropane mg/kg DETS 068*

Dibromochloromethane mg/kg DETS 068*

1,2-dibromoethane mg/kg DETS 068*

Chlorobenzene mg/kg DETS 068*

Ethylbenzene+1,1,1,2-tetrachloroethane mg/kg DETS 068*

m+p-Xylene mg/kg DETS 068*

115730 115731 115732 115733

TP04 TP05 TP05 TP06

0.30 0.30 1.80 0.50

< 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

< 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

< 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

< 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

< 5.0 < 5.0 < 5.0 < 5.0

< 0.3 < 0.3 < 0.3 < 0.3
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Soil Samples
Our Ref:           08-17051

Client Ref:        40274

Test Units DETSxx

Depth

Other Ref

Sample Type

Summary of Chemical Analysis

Contract Title:   Warren Hall

Lab No.

Sample Ref

o-Xylene mg/kg DETS 068*

Styrene mg/kg DETS 068*

Bromoform mg/kg DETS 068*

Isopropylbenzene mg/kg DETS 068*

Bromobenzene mg/kg DETS 068*

1,2,3-trichloropropane mg/kg DETS 068*

n-propylbenzene mg/kg DETS 068*

2-chlorotoluene mg/kg DETS 068*

1,3,5-trimethylbenzene mg/kg DETS 068*

4-chlorotoluene mg/kg DETS 068*

Tert-butylbenzene mg/kg DETS 068*

1,2,4-trimethylbenzene mg/kg DETS 068*

sec-butylbenzene mg/kg DETS 068*

1,3-dichlorobenzene+p-isopropyltoluene mg/kg DETS 068*

1,4-dichlorobenzene mg/kg DETS 068*

n-butylbenzene mg/kg DETS 068*

1,2-dichlorobenzene mg/kg DETS 068*

1,2-dibromo-3-chloropropane mg/kg DETS 068*

1,2,4-trichlorobenzene mg/kg DETS 068*

Hexachlorobutadiene mg/kg DETS 068*

Naphthalene mg/kg DETS 068*

1,2,3-trichlorobenzene mg/kg DETS 068*

Trichloroethylene mg/kg DETS 068*

Chloroform mg/kg DETS 068*

Bromochloromethane mg/kg DETS 068*

2,2-dichlororopane+1,2-dichloroethylene mg/kg DETS 068*

1,1-dichloroethane mg/kg DETS 068*

1,2-dichloroethane mg/kg DETS 068*

Benzene mg/kg DETS 068*

Carbon tetrachloride + 1,1-dichloropropene mg/kg DETS 068*

Trans-1,2-dichloroethylene mg/kg DETS 068*

Methylene Chloride mg/kg DETS 068*

1,1 Dichloroethylene mg/kg DETS 068*

1,1,1-trichloroethane mg/kg DETS 068*

115730 115731 115732 115733

TP04 TP05 TP05 TP06

0.30 0.30 1.80 0.50
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Soil Samples
Our Ref:           08-17051

Client Ref:        40274

Test Units DETSxx

Arsenic mg/kg DETS 042#

Cadmium mg/kg DETS 042

Chromium mg/kg DETS 042

Copper mg/kg DETS 042

Lead mg/kg DETS 042

Mercury mg/kg DETS 081*

Nickel mg/kg DETS 042

Selenium mg/kg DETS 042

Zinc mg/kg DETS 042#

Boron (water soluble) mg/kg DETS 020#

Cyanide free mg/kg DETS 067#

Sulphate Aqueous Extract as SO4 g/l DETS 076#

pH DETS 008#

Aliphatic C5-C6 mg/kg DETS 072*

Aliphatic C6-C8 mg/kg DETS 072*

Aliphatic C8-C10 mg/kg DETS 072*

Aliphatic C10-C12 mg/kg DETS 072*

Aliphatic C12-C16 mg/kg DETS 072*

Aliphatic C16-C21 mg/kg DETS 072*

Aliphatic C21-C35 mg/kg DETS 072*

Aromatic C5-C7 mg/kg DETS 072*

Aromatic C7-C8 mg/kg DETS 072*

Aromatic C8-C10 mg/kg DETS 072*

Aromatic C10-C12 mg/kg DETS 072*

Aromatic C12-C16 mg/kg DETS 072*

Aromatic C16-C21 mg/kg DETS 072*

Aromatic C21-C35 mg/kg DETS 072*

Aliphatic C5-C35 mg/kg DETS 072*

Aromatic C5-C35 mg/kg DETS 072*

TPH Ali/Aro mg/kg DETS 072*

Depth

Other Ref

Sample Type

Summary of Chemical Analysis

Contract Title:   Warren Hall

Lab No.

Sample Ref

115734 115735 115736 115737

TP07 TP08 TP08 TP09

0.80 0.40 1.20 0.50

5 5 6 5

0.9 1.1 0.9 0.8

14 13 13 13

12 12 14 11

13 19 15 21

< 0.3 < 0.3 < 0.3 < 0.3

14 9 14 10

< 0.3 < 0.3 < 0.3 < 0.3

27 27 27 29

0.9 0.8 2.0 0.9

< 0.1 < 0.1 < 0.1 0.1

0.02 0.02 0.04 0.02

7.9 7.0 7.0 7.4

< 0.01

< 0.01

< 0.01

< 0.1

< 0.1

< 0.1

< 0.1

< 0.01

< 0.01

< 0.01

< 0.1

< 0.1

< 0.1

< 0.1

< 0.1

< 0.1

< 0.1

Derwentside Environmental Testing Services Ltd Page 8 of 19



Soil Samples
Our Ref:           08-17051

Client Ref:        40274

Test Units DETSxx

Depth

Other Ref

Sample Type

Summary of Chemical Analysis

Contract Title:   Warren Hall

Lab No.

Sample Ref

Acenaphthene mg/kg DETS 050

Acenapthylene mg/kg DETS 050

Anthracene mg/kg DETS 050

Benzo(a)anthracene mg/kg DETS 050

Benzo(a)pyrene mg/kg DETS 050

Benzo(b)fluoranthene mg/kg DETS 050

Benzo(k)fluoranthene mg/kg DETS 050

Benzo(g,h,i)perylene mg/kg DETS 050

Chrysene mg/kg DETS 050

Dibenzo(a,h)anthracene mg/kg DETS 050

Fluoranthene mg/kg DETS 050

Fluorene mg/kg DETS 050

Indeno(1,2,3-c,d)pyrene mg/kg DETS 050

Napthalene mg/kg DETS 050

Phenanthrene mg/kg DETS 050

Pyrene mg/kg DETS 050

PAH mg/kg DETS 050

Benzene mg/kg DETS 062#

Ethylbenzene mg/kg DETS 062#

Toluene mg/kg DETS 062#

Xylene mg/kg DETS 062#

Phenol - Monohydric mg/kg DETS 067#

PCB mg/kg DETS 052*

2,2',4,4',5,5'-Hexachlorobiphenyl PCB 153 mg/kg DETS 052*

2,3',4,4',5-Pentachlorobiphenyl PCB 118 mg/kg DETS 052*

2,2',3,4,4',5,5'-Heptachlorobiphenyl PCB 180 mg/kg DETS 052*

2,2',3,4,4',5'-Hexachlorobiphenyl PCB 138 mg/kg DETS 052*

2,2',4,5,5'-Pentachlorobiphenyl PCB 101 mg/kg DETS 052*

2,4,4'-Trichlorobiphenyl PCB 28 mg/kg DETS 052*

2,2',5,5'-Tetrachlorobiphenyl PCB 52 mg/kg DETS 052*

Total VOC's mg/kg DETS 068*

1,2-dichloropropane mg/kg DETS 068*

Dibromomethane mg/kg DETS 068*

Bromodichloromethane mg/kg DETS 068*

cis-1,3-dichloropropene mg/kg DETS 068*

Toluene mg/kg DETS 068*

trans-1,3-dichloropropene mg/kg DETS 068*

1,1,2-trichloroethane mg/kg DETS 068*

Tetrachloroethylene mg/kg DETS 068*

1,3-dichloropropane mg/kg DETS 068*

Dibromochloromethane mg/kg DETS 068*

1,2-dibromoethane mg/kg DETS 068*

Chlorobenzene mg/kg DETS 068*

Ethylbenzene+1,1,1,2-tetrachloroethane mg/kg DETS 068*

m+p-Xylene mg/kg DETS 068*

115734 115735 115736 115737

TP07 TP08 TP08 TP09

0.80 0.40 1.20 0.50

< 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 0.5

< 0.1 < 0.1 < 0.1 1.0

< 0.1 < 0.1 < 0.1 0.5

< 0.1 < 0.1 < 0.1 0.9

< 0.1 < 0.1 < 0.1 0.2

< 0.1 < 0.1 < 0.1 0.4

< 0.1 < 0.1 < 0.1 4.2

< 0.1 < 0.1 < 0.1 0.6

< 0.1 < 0.1 < 0.1 < 0.1

< 0.1 < 0.1 < 0.1 0.8

< 0.1 < 0.1 < 0.1 0.2

< 0.1 < 0.1 < 0.1 0.2

< 0.1 < 0.1 < 0.1 0.5

< 5.0 < 5.0 < 5.0 10

< 0.01

< 0.01

< 0.01

< 0.01

< 0.3 < 0.3 < 0.3 < 0.3

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01
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Soil Samples
Our Ref:           08-17051

Client Ref:        40274

Test Units DETSxx

Depth

Other Ref

Sample Type

Summary of Chemical Analysis

Contract Title:   Warren Hall

Lab No.

Sample Ref

o-Xylene mg/kg DETS 068*

Styrene mg/kg DETS 068*

Bromoform mg/kg DETS 068*

Isopropylbenzene mg/kg DETS 068*

Bromobenzene mg/kg DETS 068*

1,2,3-trichloropropane mg/kg DETS 068*

n-propylbenzene mg/kg DETS 068*

2-chlorotoluene mg/kg DETS 068*

1,3,5-trimethylbenzene mg/kg DETS 068*

4-chlorotoluene mg/kg DETS 068*

Tert-butylbenzene mg/kg DETS 068*

1,2,4-trimethylbenzene mg/kg DETS 068*

sec-butylbenzene mg/kg DETS 068*

1,3-dichlorobenzene+p-isopropyltoluene mg/kg DETS 068*

1,4-dichlorobenzene mg/kg DETS 068*

n-butylbenzene mg/kg DETS 068*

1,2-dichlorobenzene mg/kg DETS 068*

1,2-dibromo-3-chloropropane mg/kg DETS 068*

1,2,4-trichlorobenzene mg/kg DETS 068*

Hexachlorobutadiene mg/kg DETS 068*

Naphthalene mg/kg DETS 068*

1,2,3-trichlorobenzene mg/kg DETS 068*

Trichloroethylene mg/kg DETS 068*

Chloroform mg/kg DETS 068*

Bromochloromethane mg/kg DETS 068*

2,2-dichlororopane+1,2-dichloroethylene mg/kg DETS 068*

1,1-dichloroethane mg/kg DETS 068*

1,2-dichloroethane mg/kg DETS 068*

Benzene mg/kg DETS 068*

Carbon tetrachloride + 1,1-dichloropropene mg/kg DETS 068*

Trans-1,2-dichloroethylene mg/kg DETS 068*

Methylene Chloride mg/kg DETS 068*

1,1 Dichloroethylene mg/kg DETS 068*

1,1,1-trichloroethane mg/kg DETS 068*

115734 115735 115736 115737

TP07 TP08 TP08 TP09

0.80 0.40 1.20 0.50

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01
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Soil Samples
Our Ref:           08-17051

Client Ref:        40274

Test Units DETSxx

Arsenic mg/kg DETS 042#

Cadmium mg/kg DETS 042

Chromium mg/kg DETS 042

Copper mg/kg DETS 042

Lead mg/kg DETS 042

Mercury mg/kg DETS 081*

Nickel mg/kg DETS 042

Selenium mg/kg DETS 042

Zinc mg/kg DETS 042#

Boron (water soluble) mg/kg DETS 020#

Cyanide free mg/kg DETS 067#

Sulphate Aqueous Extract as SO4 g/l DETS 076#

pH DETS 008#

Aliphatic C5-C6 mg/kg DETS 072*

Aliphatic C6-C8 mg/kg DETS 072*

Aliphatic C8-C10 mg/kg DETS 072*

Aliphatic C10-C12 mg/kg DETS 072*

Aliphatic C12-C16 mg/kg DETS 072*

Aliphatic C16-C21 mg/kg DETS 072*

Aliphatic C21-C35 mg/kg DETS 072*

Aromatic C5-C7 mg/kg DETS 072*

Aromatic C7-C8 mg/kg DETS 072*

Aromatic C8-C10 mg/kg DETS 072*

Aromatic C10-C12 mg/kg DETS 072*

Aromatic C12-C16 mg/kg DETS 072*

Aromatic C16-C21 mg/kg DETS 072*

Aromatic C21-C35 mg/kg DETS 072*

Aliphatic C5-C35 mg/kg DETS 072*

Aromatic C5-C35 mg/kg DETS 072*

TPH Ali/Aro mg/kg DETS 072*

Depth

Other Ref

Sample Type

Summary of Chemical Analysis

Contract Title:   Warren Hall

Lab No.

Sample Ref

115738 115739 115740 115741

TP10 TP10 TP11 TP12

0.50 1.50 0.60 0.50

5 6 8 6

1.0 1.8 1.1 1.0

13 13 14 17

10 13 38 15

37 19 30 12

< 0.3 < 0.3 < 0.3 < 0.3

11 18 20 18

< 0.3 < 0.3 0.6 < 0.3

34 31 27 31

1.0 0.8 1.0 0.9

0.3 < 0.1 < 0.1 < 0.1

0.01 0.02 0.33 0.01

7.2 7.7 6.5 8.2

< 0.01

< 0.01

< 0.01

< 0.1

< 0.1

22

< 0.1

< 0.01

< 0.01

< 0.01

< 0.1

< 0.1

< 0.1

< 0.1

22

< 0.1

22
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Soil Samples
Our Ref:           08-17051

Client Ref:        40274

Test Units DETSxx

Depth

Other Ref

Sample Type

Summary of Chemical Analysis

Contract Title:   Warren Hall

Lab No.

Sample Ref

Acenaphthene mg/kg DETS 050

Acenapthylene mg/kg DETS 050

Anthracene mg/kg DETS 050

Benzo(a)anthracene mg/kg DETS 050

Benzo(a)pyrene mg/kg DETS 050

Benzo(b)fluoranthene mg/kg DETS 050

Benzo(k)fluoranthene mg/kg DETS 050

Benzo(g,h,i)perylene mg/kg DETS 050

Chrysene mg/kg DETS 050

Dibenzo(a,h)anthracene mg/kg DETS 050

Fluoranthene mg/kg DETS 050

Fluorene mg/kg DETS 050

Indeno(1,2,3-c,d)pyrene mg/kg DETS 050

Napthalene mg/kg DETS 050

Phenanthrene mg/kg DETS 050

Pyrene mg/kg DETS 050

PAH mg/kg DETS 050

Benzene mg/kg DETS 062#

Ethylbenzene mg/kg DETS 062#

Toluene mg/kg DETS 062#

Xylene mg/kg DETS 062#

Phenol - Monohydric mg/kg DETS 067#

PCB mg/kg DETS 052*

2,2',4,4',5,5'-Hexachlorobiphenyl PCB 153 mg/kg DETS 052*

2,3',4,4',5-Pentachlorobiphenyl PCB 118 mg/kg DETS 052*

2,2',3,4,4',5,5'-Heptachlorobiphenyl PCB 180 mg/kg DETS 052*

2,2',3,4,4',5'-Hexachlorobiphenyl PCB 138 mg/kg DETS 052*

2,2',4,5,5'-Pentachlorobiphenyl PCB 101 mg/kg DETS 052*

2,4,4'-Trichlorobiphenyl PCB 28 mg/kg DETS 052*

2,2',5,5'-Tetrachlorobiphenyl PCB 52 mg/kg DETS 052*

Total VOC's mg/kg DETS 068*

1,2-dichloropropane mg/kg DETS 068*

Dibromomethane mg/kg DETS 068*

Bromodichloromethane mg/kg DETS 068*

cis-1,3-dichloropropene mg/kg DETS 068*

Toluene mg/kg DETS 068*

trans-1,3-dichloropropene mg/kg DETS 068*

1,1,2-trichloroethane mg/kg DETS 068*

Tetrachloroethylene mg/kg DETS 068*

1,3-dichloropropane mg/kg DETS 068*

Dibromochloromethane mg/kg DETS 068*

1,2-dibromoethane mg/kg DETS 068*

Chlorobenzene mg/kg DETS 068*

Ethylbenzene+1,1,1,2-tetrachloroethane mg/kg DETS 068*

m+p-Xylene mg/kg DETS 068*

115738 115739 115740 115741

TP10 TP10 TP11 TP12

0.50 1.50 0.60 0.50

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

0.4 < 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 < 0.1 < 0.1 < 0.1

1.5 0.5 < 0.1 < 0.1

0.1 < 0.1 < 0.1 < 0.1

< 0.1 < 0.1 < 0.1 < 0.1

0.3 < 0.1 < 0.1 < 0.1

0.2 0.2 < 0.1 < 0.1

< 0.1 < 0.1 < 0.1 < 0.1

< 0.1 < 0.1 < 0.1 < 0.1

< 5.0 < 5.0 < 5.0 < 5.0

< 0.3 < 0.3 < 0.3 < 0.3

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01
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Soil Samples
Our Ref:           08-17051

Client Ref:        40274

Test Units DETSxx

Depth

Other Ref

Sample Type

Summary of Chemical Analysis

Contract Title:   Warren Hall

Lab No.

Sample Ref

o-Xylene mg/kg DETS 068*

Styrene mg/kg DETS 068*

Bromoform mg/kg DETS 068*

Isopropylbenzene mg/kg DETS 068*

Bromobenzene mg/kg DETS 068*

1,2,3-trichloropropane mg/kg DETS 068*

n-propylbenzene mg/kg DETS 068*

2-chlorotoluene mg/kg DETS 068*

1,3,5-trimethylbenzene mg/kg DETS 068*

4-chlorotoluene mg/kg DETS 068*

Tert-butylbenzene mg/kg DETS 068*

1,2,4-trimethylbenzene mg/kg DETS 068*

sec-butylbenzene mg/kg DETS 068*

1,3-dichlorobenzene+p-isopropyltoluene mg/kg DETS 068*

1,4-dichlorobenzene mg/kg DETS 068*

n-butylbenzene mg/kg DETS 068*

1,2-dichlorobenzene mg/kg DETS 068*

1,2-dibromo-3-chloropropane mg/kg DETS 068*

1,2,4-trichlorobenzene mg/kg DETS 068*

Hexachlorobutadiene mg/kg DETS 068*

Naphthalene mg/kg DETS 068*

1,2,3-trichlorobenzene mg/kg DETS 068*

Trichloroethylene mg/kg DETS 068*

Chloroform mg/kg DETS 068*

Bromochloromethane mg/kg DETS 068*

2,2-dichlororopane+1,2-dichloroethylene mg/kg DETS 068*

1,1-dichloroethane mg/kg DETS 068*

1,2-dichloroethane mg/kg DETS 068*

Benzene mg/kg DETS 068*

Carbon tetrachloride + 1,1-dichloropropene mg/kg DETS 068*

Trans-1,2-dichloroethylene mg/kg DETS 068*

Methylene Chloride mg/kg DETS 068*

1,1 Dichloroethylene mg/kg DETS 068*

1,1,1-trichloroethane mg/kg DETS 068*

115738 115739 115740 115741

TP10 TP10 TP11 TP12

0.50 1.50 0.60 0.50

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01
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Soil Samples
Our Ref:           08-17051

Client Ref:        40274

Test Units DETSxx

Arsenic mg/kg DETS 042#

Cadmium mg/kg DETS 042

Chromium mg/kg DETS 042

Copper mg/kg DETS 042

Lead mg/kg DETS 042

Mercury mg/kg DETS 081*

Nickel mg/kg DETS 042

Selenium mg/kg DETS 042

Zinc mg/kg DETS 042#

Boron (water soluble) mg/kg DETS 020#

Cyanide free mg/kg DETS 067#

Sulphate Aqueous Extract as SO4 g/l DETS 076#

pH DETS 008#

Aliphatic C5-C6 mg/kg DETS 072*

Aliphatic C6-C8 mg/kg DETS 072*

Aliphatic C8-C10 mg/kg DETS 072*

Aliphatic C10-C12 mg/kg DETS 072*

Aliphatic C12-C16 mg/kg DETS 072*

Aliphatic C16-C21 mg/kg DETS 072*

Aliphatic C21-C35 mg/kg DETS 072*

Aromatic C5-C7 mg/kg DETS 072*

Aromatic C7-C8 mg/kg DETS 072*

Aromatic C8-C10 mg/kg DETS 072*

Aromatic C10-C12 mg/kg DETS 072*

Aromatic C12-C16 mg/kg DETS 072*

Aromatic C16-C21 mg/kg DETS 072*

Aromatic C21-C35 mg/kg DETS 072*

Aliphatic C5-C35 mg/kg DETS 072*

Aromatic C5-C35 mg/kg DETS 072*

TPH Ali/Aro mg/kg DETS 072*

Depth

Other Ref

Sample Type

Summary of Chemical Analysis

Contract Title:   Warren Hall

Lab No.

Sample Ref

115742 115743 115744 115745

TP12 TP13 TP13 TP15

2.20 0.20 0.30 0.20

28 9 6 8

1.3 0.6 0.5 0.9

23 17 19 17

48 14 15 12

57 41 16 43

< 0.3 < 0.3 < 0.3 < 0.3

44 12 14 15

< 0.3 < 0.3 < 0.3 < 0.3

120 47 32 60

0.8 1.3 0.7 1.0

< 0.1 0.3 < 0.1 0.2

0.03 0.02 0.01 0.02

8.3 7.9 8.1 8.0
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Soil Samples
Our Ref:           08-17051

Client Ref:        40274

Test Units DETSxx

Depth

Other Ref

Sample Type

Summary of Chemical Analysis

Contract Title:   Warren Hall

Lab No.

Sample Ref

Acenaphthene mg/kg DETS 050

Acenapthylene mg/kg DETS 050

Anthracene mg/kg DETS 050

Benzo(a)anthracene mg/kg DETS 050

Benzo(a)pyrene mg/kg DETS 050

Benzo(b)fluoranthene mg/kg DETS 050

Benzo(k)fluoranthene mg/kg DETS 050

Benzo(g,h,i)perylene mg/kg DETS 050

Chrysene mg/kg DETS 050

Dibenzo(a,h)anthracene mg/kg DETS 050

Fluoranthene mg/kg DETS 050

Fluorene mg/kg DETS 050

Indeno(1,2,3-c,d)pyrene mg/kg DETS 050

Napthalene mg/kg DETS 050

Phenanthrene mg/kg DETS 050

Pyrene mg/kg DETS 050

PAH mg/kg DETS 050

Benzene mg/kg DETS 062#

Ethylbenzene mg/kg DETS 062#

Toluene mg/kg DETS 062#

Xylene mg/kg DETS 062#

Phenol - Monohydric mg/kg DETS 067#

PCB mg/kg DETS 052*

2,2',4,4',5,5'-Hexachlorobiphenyl PCB 153 mg/kg DETS 052*

2,3',4,4',5-Pentachlorobiphenyl PCB 118 mg/kg DETS 052*

2,2',3,4,4',5,5'-Heptachlorobiphenyl PCB 180 mg/kg DETS 052*

2,2',3,4,4',5'-Hexachlorobiphenyl PCB 138 mg/kg DETS 052*

2,2',4,5,5'-Pentachlorobiphenyl PCB 101 mg/kg DETS 052*

2,4,4'-Trichlorobiphenyl PCB 28 mg/kg DETS 052*

2,2',5,5'-Tetrachlorobiphenyl PCB 52 mg/kg DETS 052*

Total VOC's mg/kg DETS 068*

1,2-dichloropropane mg/kg DETS 068*

Dibromomethane mg/kg DETS 068*

Bromodichloromethane mg/kg DETS 068*

cis-1,3-dichloropropene mg/kg DETS 068*

Toluene mg/kg DETS 068*

trans-1,3-dichloropropene mg/kg DETS 068*

1,1,2-trichloroethane mg/kg DETS 068*

Tetrachloroethylene mg/kg DETS 068*

1,3-dichloropropane mg/kg DETS 068*

Dibromochloromethane mg/kg DETS 068*

1,2-dibromoethane mg/kg DETS 068*

Chlorobenzene mg/kg DETS 068*

Ethylbenzene+1,1,1,2-tetrachloroethane mg/kg DETS 068*

m+p-Xylene mg/kg DETS 068*

115742 115743 115744 115745

TP12 TP13 TP13 TP15

2.20 0.20 0.30 0.20

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

< 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

< 0.1 < 0.1 < 0.1 < 0.1

< 0.1 0.4 < 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 < 0.1 < 0.1

< 0.1 < 0.1 < 0.1 < 0.1

< 0.1 < 0.1 < 0.1 < 0.1

< 5.0 < 5.0 < 5.0 < 5.0

< 0.3 < 0.3 < 0.3 < 0.3
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Soil Samples
Our Ref:           08-17051

Client Ref:        40274

Test Units DETSxx

Depth

Other Ref

Sample Type

Summary of Chemical Analysis

Contract Title:   Warren Hall

Lab No.

Sample Ref

o-Xylene mg/kg DETS 068*

Styrene mg/kg DETS 068*

Bromoform mg/kg DETS 068*

Isopropylbenzene mg/kg DETS 068*

Bromobenzene mg/kg DETS 068*

1,2,3-trichloropropane mg/kg DETS 068*

n-propylbenzene mg/kg DETS 068*

2-chlorotoluene mg/kg DETS 068*

1,3,5-trimethylbenzene mg/kg DETS 068*

4-chlorotoluene mg/kg DETS 068*

Tert-butylbenzene mg/kg DETS 068*

1,2,4-trimethylbenzene mg/kg DETS 068*

sec-butylbenzene mg/kg DETS 068*

1,3-dichlorobenzene+p-isopropyltoluene mg/kg DETS 068*

1,4-dichlorobenzene mg/kg DETS 068*

n-butylbenzene mg/kg DETS 068*

1,2-dichlorobenzene mg/kg DETS 068*

1,2-dibromo-3-chloropropane mg/kg DETS 068*

1,2,4-trichlorobenzene mg/kg DETS 068*

Hexachlorobutadiene mg/kg DETS 068*

Naphthalene mg/kg DETS 068*

1,2,3-trichlorobenzene mg/kg DETS 068*

Trichloroethylene mg/kg DETS 068*

Chloroform mg/kg DETS 068*

Bromochloromethane mg/kg DETS 068*

2,2-dichlororopane+1,2-dichloroethylene mg/kg DETS 068*

1,1-dichloroethane mg/kg DETS 068*

1,2-dichloroethane mg/kg DETS 068*

Benzene mg/kg DETS 068*

Carbon tetrachloride + 1,1-dichloropropene mg/kg DETS 068*

Trans-1,2-dichloroethylene mg/kg DETS 068*

Methylene Chloride mg/kg DETS 068*

1,1 Dichloroethylene mg/kg DETS 068*

1,1,1-trichloroethane mg/kg DETS 068*

115742 115743 115744 115745

TP12 TP13 TP13 TP15

2.20 0.20 0.30 0.20

Derwentside Environmental Testing Services Ltd Page 16 of 19



Soil Samples
Our Ref:           08-17051

Client Ref:        40274

Test Units DETSxx

Arsenic mg/kg DETS 042#

Cadmium mg/kg DETS 042

Chromium mg/kg DETS 042

Copper mg/kg DETS 042

Lead mg/kg DETS 042

Mercury mg/kg DETS 081*

Nickel mg/kg DETS 042

Selenium mg/kg DETS 042

Zinc mg/kg DETS 042#

Boron (water soluble) mg/kg DETS 020#

Cyanide free mg/kg DETS 067#

Sulphate Aqueous Extract as SO4 g/l DETS 076#

pH DETS 008#

Aliphatic C5-C6 mg/kg DETS 072*

Aliphatic C6-C8 mg/kg DETS 072*

Aliphatic C8-C10 mg/kg DETS 072*

Aliphatic C10-C12 mg/kg DETS 072*

Aliphatic C12-C16 mg/kg DETS 072*

Aliphatic C16-C21 mg/kg DETS 072*

Aliphatic C21-C35 mg/kg DETS 072*

Aromatic C5-C7 mg/kg DETS 072*

Aromatic C7-C8 mg/kg DETS 072*

Aromatic C8-C10 mg/kg DETS 072*

Aromatic C10-C12 mg/kg DETS 072*

Aromatic C12-C16 mg/kg DETS 072*

Aromatic C16-C21 mg/kg DETS 072*

Aromatic C21-C35 mg/kg DETS 072*

Aliphatic C5-C35 mg/kg DETS 072*

Aromatic C5-C35 mg/kg DETS 072*

TPH Ali/Aro mg/kg DETS 072*

Depth

Other Ref

Sample Type

Summary of Chemical Analysis

Contract Title:   Warren Hall

Lab No.

Sample Ref

115746

TP15

0.30

7

0.9

19

14

18

< 0.3

20

< 0.3

51

0.5

< 0.1

0.01

8.4
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Soil Samples
Our Ref:           08-17051

Client Ref:        40274

Test Units DETSxx

Depth

Other Ref

Sample Type

Summary of Chemical Analysis

Contract Title:   Warren Hall

Lab No.

Sample Ref

Acenaphthene mg/kg DETS 050

Acenapthylene mg/kg DETS 050

Anthracene mg/kg DETS 050

Benzo(a)anthracene mg/kg DETS 050

Benzo(a)pyrene mg/kg DETS 050

Benzo(b)fluoranthene mg/kg DETS 050

Benzo(k)fluoranthene mg/kg DETS 050

Benzo(g,h,i)perylene mg/kg DETS 050

Chrysene mg/kg DETS 050

Dibenzo(a,h)anthracene mg/kg DETS 050

Fluoranthene mg/kg DETS 050

Fluorene mg/kg DETS 050

Indeno(1,2,3-c,d)pyrene mg/kg DETS 050

Napthalene mg/kg DETS 050

Phenanthrene mg/kg DETS 050

Pyrene mg/kg DETS 050

PAH mg/kg DETS 050

Benzene mg/kg DETS 062#

Ethylbenzene mg/kg DETS 062#

Toluene mg/kg DETS 062#

Xylene mg/kg DETS 062#

Phenol - Monohydric mg/kg DETS 067#

PCB mg/kg DETS 052*

2,2',4,4',5,5'-Hexachlorobiphenyl PCB 153 mg/kg DETS 052*

2,3',4,4',5-Pentachlorobiphenyl PCB 118 mg/kg DETS 052*

2,2',3,4,4',5,5'-Heptachlorobiphenyl PCB 180 mg/kg DETS 052*

2,2',3,4,4',5'-Hexachlorobiphenyl PCB 138 mg/kg DETS 052*

2,2',4,5,5'-Pentachlorobiphenyl PCB 101 mg/kg DETS 052*

2,4,4'-Trichlorobiphenyl PCB 28 mg/kg DETS 052*

2,2',5,5'-Tetrachlorobiphenyl PCB 52 mg/kg DETS 052*

Total VOC's mg/kg DETS 068*

1,2-dichloropropane mg/kg DETS 068*

Dibromomethane mg/kg DETS 068*

Bromodichloromethane mg/kg DETS 068*

cis-1,3-dichloropropene mg/kg DETS 068*

Toluene mg/kg DETS 068*

trans-1,3-dichloropropene mg/kg DETS 068*

1,1,2-trichloroethane mg/kg DETS 068*

Tetrachloroethylene mg/kg DETS 068*

1,3-dichloropropane mg/kg DETS 068*

Dibromochloromethane mg/kg DETS 068*

1,2-dibromoethane mg/kg DETS 068*

Chlorobenzene mg/kg DETS 068*

Ethylbenzene+1,1,1,2-tetrachloroethane mg/kg DETS 068*

m+p-Xylene mg/kg DETS 068*

115746

TP15

0.30

< 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

< 5.0

< 0.3
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Soil Samples
Our Ref:           08-17051

Client Ref:        40274

Test Units DETSxx

Depth

Other Ref

Sample Type

Summary of Chemical Analysis

Contract Title:   Warren Hall

Lab No.

Sample Ref

o-Xylene mg/kg DETS 068*

Styrene mg/kg DETS 068*

Bromoform mg/kg DETS 068*

Isopropylbenzene mg/kg DETS 068*

Bromobenzene mg/kg DETS 068*

1,2,3-trichloropropane mg/kg DETS 068*

n-propylbenzene mg/kg DETS 068*

2-chlorotoluene mg/kg DETS 068*

1,3,5-trimethylbenzene mg/kg DETS 068*

4-chlorotoluene mg/kg DETS 068*

Tert-butylbenzene mg/kg DETS 068*

1,2,4-trimethylbenzene mg/kg DETS 068*

sec-butylbenzene mg/kg DETS 068*

1,3-dichlorobenzene+p-isopropyltoluene mg/kg DETS 068*

1,4-dichlorobenzene mg/kg DETS 068*

n-butylbenzene mg/kg DETS 068*

1,2-dichlorobenzene mg/kg DETS 068*

1,2-dibromo-3-chloropropane mg/kg DETS 068*

1,2,4-trichlorobenzene mg/kg DETS 068*

Hexachlorobutadiene mg/kg DETS 068*

Naphthalene mg/kg DETS 068*

1,2,3-trichlorobenzene mg/kg DETS 068*

Trichloroethylene mg/kg DETS 068*

Chloroform mg/kg DETS 068*

Bromochloromethane mg/kg DETS 068*

2,2-dichlororopane+1,2-dichloroethylene mg/kg DETS 068*

1,1-dichloroethane mg/kg DETS 068*

1,2-dichloroethane mg/kg DETS 068*

Benzene mg/kg DETS 068*

Carbon tetrachloride + 1,1-dichloropropene mg/kg DETS 068*

Trans-1,2-dichloroethylene mg/kg DETS 068*

Methylene Chloride mg/kg DETS 068*

1,1 Dichloroethylene mg/kg DETS 068*

1,1,1-trichloroethane mg/kg DETS 068*

115746

TP15

0.30
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Client Reference : 40274

Our Reference : 08-17123

Clients Name : Ian Farmer Associates

Clients Address: 17 Rivington Court

Hardwick Grange

Woolston

Warrington

Cheshire

Contract Title :

Description : 7 Soil Samples, 7 Leachate Samples

Date Received : 04/02/2008

Date Commenced : 04/02/2008

Date Completed : 13/02/2008

Test Procedures : Identified by Prefix DETSn , Details available upon request.

Notes : * Denotes test not included in laboratory scope of accreditation

Observations and Interpretations are Outside the UKAS Accreditation Scope

Samples will be disposed of 1 month after the date of issue of test certificate.

Approved By:

Authorised Signatories R Bennett R Brown M Hopgood

Director Business Manager Technical Manager

full, without the prior written approval of the laboratory.

This certificate is issued in accordance with the accreditation requirements of the United Kingdom Accreditation Service.  The

13/02/2008

Page 1 of 12

Warren Hall

2139

results reported herein relate only to the material received by the laboratory.  This certificate shall not be reproduced except in

CERTIFICATE OF ANALYSIS

Certificate Number : 08-17123_M01



Date: 19/02/2008

        2139 Certificate Number: 08-17279

Client: Ian Farmer Associates
17 Rivington Court
Hardwick Grange
Woolston
Warrington
Cheshire
WA1 4RT

Our Reference: 08-17279

Client Reference: 40274

Contract Title: Warren Hall

Description: 6 water samples

Date Received: 08/02/2008

Date Started: 08/02/2008

Date Completed: 19/02/2008

Test Procedures: Identified by prefix DETSn, details available upon request.

Notes: Observations and interpretations are outside the scope of UKAS accreditation

* denotes test not included in laboratory scope of accreditation

# denotes test that holds MCERT accreditation

$ denotes tests completed by approved subcontractors

I/S denotes insufficient sample to carry out test

N/S denotes that the sample is not suitable for testing

Solid samples will be disposed 1 month and liquids 2 weeks

after the date of issue of this test certificate

Approved By:

Authorised Signatories: Richard Bennett

Director

Page 1 of 2

Certificate of Analysis

This certificate is issued in accordance with the accreditation requirements of the United Kingdom Accreditation Service.  The results reported herein 

relate only to the material supplied to the laboratory.  This certificate shall not be reproduced except in full, without the prior written approval of the 

laboratory.

  



Water Samples
Our Ref:           08-17279

Client Ref:        40274

117200 117201 117202 117203 117204 117205

BH02 BH03 BH04 BH09 BH11 BH13

Test Units DETSxx

Arsenic Dissolved ug/l DETS 010 < 1 < 1 < 1 < 1 < 1 < 1

Cadmium Dissolved ug/l DETS 042 < 2 < 2 < 2 < 2 < 2 < 2

Chromium Dissolved ug/l DETS 042 < 10 < 10 < 10 < 10 < 10 < 10

Copper Dissolved ug/l DETS 042 2 4 2 3 2 2

Lead Dissolved ug/l DETS 042 < 5 < 5 < 5 < 5 < 5 < 5

Mercury Dissolved ug/l DETS 078* < 0.05 < 0.05 < 0.05 < 0.05 < 0.05 < 0.05

Nickel Dissolved ug/l DETS 042 < 10 < 10 < 10 < 10 < 10 < 10

Selenium  Dissolved ug/l DETS 017 < 3 < 3 < 3 < 3 < 3 < 3

Zinc Dissolved ug/l DETS 042 15 16 79 42 18 33

Sulphate mg/l DETS 055 150 78 89 49 64 130

Boron ug/l DETS 020 < 100 < 100 < 100 < 100 < 100 < 100

Cyanide total ug/l DETS 067 < 40 < 40 < 40 < 40 < 40 < 40

Hardness mg/l DETS 043* 360 290 330 310 470 370

Sulphur (free) ug/l DETS 049 < 90 < 90 < 90 < 90 < 90 < 90

pH DETS 008 7.5 7.5 7.4 7.4 7.4 7.5

Acenaphthene ug/l DETS 074* < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01

Acenapthylene ug/l DETS 074* < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01

Anthracene ug/l DETS 074* < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01

Benzo(a)anthracene ug/l DETS 074* < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01

Benzo(a)pyrene ug/l DETS 074* < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01

Benzo(b)fluoranthene ug/l DETS 074* < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01

Benzo(k)fluoranthene ug/l DETS 074* < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01

Benzo(g,h,i)perylene ug/l DETS 074* < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01

Chrysene ug/l DETS 074* < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01

Dibenzo(a,h)anthracene ug/l DETS 074* < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01

Fluoranthene ug/l DETS 074* < 0.01 < 0.01 < 0.01 0.02 < 0.01 < 0.01

Fluorene ug/l DETS 074* < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01

Indeno(1,2,3-c,d)pyrene ug/l DETS 074* < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01

Napthalene ug/l DETS 074* < 0.01 < 0.01 < 0.01 < 0.01 0.01 < 0.01

Phenanthrene ug/l DETS 074* < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01

Pyrene ug/l DETS 074* < 0.01 0.02 0.02 0.07 0.01 0.05

PAH ug/l DETS 074* < 0.20 < 0.20 < 0.20 < 0.20 < 0.20 < 0.20

PRO (C6-C10) ug/l DETS 062* < 1 < 1 < 1 < 1 < 1 < 1

TPH (C10-C14) ug/l DETS 051 < 10 < 10 < 10 < 10 < 10 < 10

TPH (C15-C36) ug/l DETS 051 11 < 10 18 87 10 10

TPH (C10-C40) ug/l DETS 051 11 < 10 18 87 10 10

Depth

Other Ref

Sample Type

Summary of Chemical Analysis

Contract Title:   Warren Hall

Lab No.

Sample Ref
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APPENDIX  5  

GAS AND GROUNDWATER MONITORING 

 

 

 



O2% CO2% CH4% H²S

v/v v/v v/v ppm

Hole No: VOC

O2% 

v/v LEL

H²S       

ppm

Gas 

flow 

Rate 

(l/hr)

Depth 

to base 

of well SWL

ppm Steady Peak Steady Steady Steady Range mBGL mBGL

BH01 20.3 0.0 0.0 0.0 0.0 0.0 3.40 1.00

BH02 18.0 0.0 0.0 0.0 0.0 0.4 3.20 0.70

BH03 20.4 0.0 0.0 0.0 0.0 0.0 5.70 2.00

BH04 20.8 0.0 0.0 0.0 0.0 0.0 12.0 2.40

BH05 20.8 0.0 0.0 0.0 0.0 -0.2 7.90 1.70

BH06

BH07 19.7 0.0 0.0 0.0 0.0 0.0 10.90 1.70

BH08 19.7 0.0 0.0 0.0 0.0 0.0 11.90 2.40

BH09 20.9 0.0 0.0 0.0 0.0 0.0 10.40 3.00

BH10 21.3 0.0 0.0 0.0 0.0 0.0 3.90 0.40

BH11 21.2 0.0 0.0 0.0 0.0 0.0 6.70 1.00

BH12 5.0 0.0 0.0 >>>> 0.0 0.3 4.60 1.00

BH13

BH14

BH15

BH16

BH17

Remarks:

 >>>> = Flow above detection limit of 30 l/hr, <<< = Negative flow greater than -10 l/hr.

Readings Taken By:

Checked By:

0.5

0.0

0.0

0.0

4.1

0.0

0.1

1.5

Installation damaged

CR

990mb

0.0 0.0

Wet

990mb

Steady

0.6

3.9

0.4

Gas and Groundwater 

Monitoring Results

CO2%v/v CH4% v/v

Weather Conditions:

Ground Conditions (dry / wet etc)

Atmospheric Pressure (Start)

Atmospheric Pressure (Finish)

1st February 2008

19.3

Contract Number:

Contract Name:

Date:

Background Readings: 

W08 40274

Snowing

Warren Hall Site, Broughton

0.0



O2% CO2% CH4% H²S

v/v v/v v/v ppm

Hole No: VOC

O2% 

v/v LEL

H²S       

ppm

Gas 

flow 

Rate 

(l/hr)

Depth 

to base 

of well SWL

ppm Steady Peak Steady Steady Steady Range mBGL mBGL

BH13 19.6 0.0 0.0 0.0 0.0 0.0 3.80 1.00

BH14

BH15

BH16 21.3 0.0 0.0 0.0 0.0 0.0 6.0 1.00

BH17

Remarks: Installation damaged

 >>>> = Flow above detection limit of 30 l/hr, <<< = Negative flow greater than -10 l/hr.

Readings Taken By:

Checked By:

FLOODED

FLOODED

FLOODED

Contract Number:

Contract Name:

Date:

Background Readings: 

W08 40274

Warren Hall Site, Broughton

0.0

Gas and Groundwater 

Monitoring Results

CO2%v/v CH4% v/v

Weather Conditions:

Ground Conditions (dry / wet etc)

Atmospheric Pressure (Start)

Atmospheric Pressure (Finish)

1st February 2008

19.3

CR

0.0 0.0

Steady

0.0

0.7



O2% CO2% CH4% H²S

v/v v/v v/v ppm

Hole No: VOC

O2% 

v/v LEL

H²S       

ppm

Gas 

flow 

Rate 

(l/hr)

Depth 

to base 

of well SWL

ppm Steady Peak Steady Steady Steady Range mBGL mBGL

BH01 21.4 0.0 0.0 0.0 0.0 0.0 3.40 1.00

BH02 22.0 0.0 0.0 0.0 0.0 0.1 3.20 1.00

BH03 21.3 0.0 0.0 0.0 0.0 0.0 5.70 1.60

BH04 22.0 0.0 0.0 0.0 0.0 0.0 12.0 2.00

BH05 21.6 0.0 0.0 0.0 0.0 0.2 7.90 1.40

BH06

BH07 20.4 0.0 0.0 0.0 0.0 0.0 10.90 1.50

BH08 20.3 0.0 0.0 0.0 0.0 0.0 11.90 2.70

BH09 21.0 0.0 0.0 0.0 0.0 0.0 10.40 3.50

BH10 22.0 0.0 0.0 0.0 0.0 0.0 3.90 0.40

BH11 21.5 0.0 0.0 0.0 0.0 0.0 6.70 2.00

BH12 21.8 0.0 0.0 0.0 0.0 0.0 4.60 2.30

BH13 20.2 0.0 0.0 0.0 0.0 0.0 3.80 2.00

BH14 22.1 0.0 0.0 0.0 0.0 0.0 2.20 0.30

BH15 21.5 0.0 0.0 0.0 0.0 0.0 10.0 1.00

BH16 21.4 0.0 0.0 0.0 0.0 0.0 6.0 0.80

BH17 21.9 0.0 0.0 0.0 0.0 0.0 7.80 0.30

Remarks:

 >>>> = Flow above detection limit of 30 l/hr, <<< = Negative flow greater than -10 l/hr.

Readings Taken By:

Checked By:

Contract Number:

Contract Name:

Date:

Background Readings: 

W08 40274

Cloudy

Warren Hall Site, Broughton

0.0

Gas and Groundwater 

Monitoring Results

CO2%v/v CH4% v/v

Weather Conditions:

Ground Conditions (dry / wet etc)

Atmospheric Pressure (Start)

Atmospheric Pressure (Finish)

15th February 2008

21.5

1038mb

0.0 0.0

Wet

1035mb

Steady

0.0

0.0

0.0

0.0

0.0

1.0

Installation damaged

0.0

0.3

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.6
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EXECUTIVE SUMMARY 

On the instructions of Opus Consulting Engineers, on behalf of Welsh Assembly 

Government, an interpretative report has been prepared to discuss the geotechnical 

and contamination issues relating to the Warren Hall development area. 

The site comprises an area of agricultural grazing land of about 34 hectares with 

topography falling towards the east. 

Site preparation proposals comprise large-scale cut and fill earthworks. Office 

construction is planned for the development platforms created. 

Geological records and a series of ground investigations have established the ground 

conditions as clay with subordinate sand and gravel overlying a sequence of 

interbedded mudstone, siltstone and sandstone. The boundary between the soil and 

rock generally falls towards the east, mirroring the overall topography. An area of 

deeper soil strata towards the northeast corner of the site may indicate a buried 

channel type feature. 

The maximum height cuttings on Plateau A will generally require excavation of about   

3 or 4m of clay and about 5 or 6m of rock. Excavation on Plateau B will generally be 

in soils with occasional bedrock. 

Groundwater flows are expected from cut faces where the boundary between soil and 

rock is encountered and as seepages within soils. 

Excavated materials will be suitable for use as Type 1 / 2 general fill or Type 6 / 7 

structural fill. 

Embankment areas should be prepared by the removal of topsoil and the placement of 

a granular drainage layer on the exposed formation. 

Embankments up to 6m in height are anticipated. The estimated total and differential 

settlements below embankments are not likely to be of sufficient magnitude to affect 

the development programme or require post construction monitoring.  

Preliminary design of shallow spread foundations may anticipate bearing capacities of 

about 100kN/m
2
 in clay and properly engineered embankment fill. Significantly 

higher bearing capacities will be available in rock. Foundations may require extending 

by trench fill where strata types vary laterally. 

Preliminary design of roads may be based on a CBR of 5% in natural strata and 2% 

on embankment fill. 

Concrete at shallow depths may be designed on the basis of DS-1. 

For the purposes of the contamination risk assessment, the results of the soil 
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analyses have been compared to the CLEA SGVs where available, or alternatively, 

Generic Assessment Criteria (GAC), determined by LQM and CIEH in accordance 

with current legislation and guidance. 

The investigations have not indicated the presence of contamination that would pose a 

significant risk to site users or the water environment. 

In the absence of a contamination source it is considered that systematic remediation, 

validation and reporting is not required as part of this development. 

Methane has been detected in concentrations that may require gas protection measures 

in buildings. Additional monitoring is required to clarify the gas regime and any gas 

protection measures.  
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1.0 INTRODUCTION 

1.1 It is understood that it is proposed carry out a ground re-modelling exercise at the site 

to provide two sensibly level platform areas for future office building development. 

1.2 On the instructions of Opus International (UK) Ltd., Consulting Engineers to the 

Welsh Assembly Government, an interpretative report has been prepared based upon 

the findings of the desk study, intrusive investigations and laboratory testing. The 

interpretative report has been prepared to provide conclusions and recommendations 

for the design and construction of the proposed works.  

1.3 This report has been prepared for the sole use of the Client for the purpose described 

and no extended duty of care to any third party is implied or offered.  Third parties 

using any information contained within this report do so at their own risk. 

1.4 The comments given in this report and the opinions expressed herein are based on the 

information received, the conditions encountered during site works, and on the results 

of tests made in the field and laboratory.  However, there may be conditions 

prevailing at the site which have not been disclosed by the investigation and which 

have not been taken into account in the report. 

1.5 The comments on groundwater conditions are based on observations made at the time 

the site work was carried out.  It should be noted that groundwater levels vary owing 

to seasonal or other effects. 

2.0 EXISTING INFORMATION 

2.1 This report is based upon the following information: 

• Ian Farmer Associates (1998) Ltd. Warren Hall, Broughton. Factual report on 

Ground Investigation. Reference W08/40274. February 2008. 

• Ian Farmer Associates (1998) Ltd. Warren Hall, Broughton. Report on Phase 1 

Desk Study. Reference W07/40274-1. February 2008. 

• Exploration Associates Ltd. Warren Hall – Highway Infrastructure. Factual 

Report on Ground Investigation. Reference 125001. April 1995. 

• Stats Ltd. Warren Hall Park, Broughton. Report on Ground Investigation. 

Reference M1459. July 1989. 

2.2 Relevant information from the above reports has been summarised within this current 

report. 

2.3 The full information used as the basis for the conclusions and recommendations made 

in this report should be read in conjunction with this report. 
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3.0 SITE SETTING 

3.1 Site Location 

3.1.1 The site is situated immediately to the southwest of Broughton, Flintshire, 

and may be located by National Grid reference SJ 327 631.  A site location 

plan is included in Appendix 1, Figure A1.1. 

3.2 Site Description 

3.2.1 The site comprises an area, elongated from north to south, extending to some 

34 hectares. The overall length of the site is some 800m with a maximum 

width of about 500m, towards the southern end, and an average width of 

about 300m. 

3.2.2 The site is bounded to the northwest by the A5104 trunk road, immediately 

adjacent to the Warren Bank Interchange, to the northeast and east by Lesters 

Lane and to the south and west by adjoining agricultural grazing land. 

3.2.3 At the time of the investigation the site comprised agricultural grazing land 

with occasional mature deciduous trees. The site area was split into fields by 

hedgerows. The general fall of ground across the site was from west to east. 

3.2.4 For the purposes of development the site has been subdivided into Plateau A 

and Plateau B. 

3.2.5 Plateau A occupies the northern and eastern parts of the site, adjacent to 

Lesters Lane. Plateau A is approximately rectangular in shape, elongated 

from north to south, with approximate dimensions of 800m by 300m.  

3.2.6 The elevations across Plateau A ranged from about 65mAOD at the 

northwest corner to about 37mAOD along the eastern side of the area. The 

overall gradients vary across the area. The northern part of Plateau A falls 

towards the east with gradients of about 1 in 20, the central area about 1 in 

15 and the southern area about 1 in 40. 

3.2.7 Plateau B occupies an approximately rectangular area to the west of the 

southern and central part of Plateau A. Plateau B has approximate 

dimensions of about 300m, north to south, and 200m west to east. 

3.2.8 The elevations across Plateau B ranged form about 63mAOD around the 

northwest corner to about 50mAOD towards the southeast corner. 

3.2.9 A site plan is included in Appendix 1, Figure A1.2.  
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3.3 Geological Setting 

3.3.1 Details of the geology underlying the site have been obtained from the British 

Geological Survey map, Sheet No. 108, ‘Flint’, solid and drift edition, 

1:50,000 scale, published 1999. 

3.3.2 The geological map indicates the site to be underlain by superficial deposits of 

stoney clay till and glaciofluvial deposits, undifferentiated, sand and gravel 

which lay to the south of the site. The map also indicates made ground on top 

of natural ground at the centre of the site. 

3.3.3 The superficial deposits are underlain by Arnsbergian to Kinderscoutian 

Marsdenian grey mudstones with marine bands and thin sandstones of 

Namurian Upper Carboniferous (Silesian). 

3.4 Hydrogeological Setting 

3.4.1 The site hydrogeological setting has been presented in the Phase 1 Desk 

Study and the classification may be summarised as strata of a minor aquifer 

overlain by soils of high leaching potential. 

3.5 Hydrological Setting 

3.5.1 The site hydrological setting has been presented in the Phase 1 Desk Study 

and the classification may be summarised as a small surface water stream, 

Warren Dingle, along the southern edge of the site. There are no surface 

water abstractions within 1km of the site. 

3.6 Radon 

3.6.1 The radon classification has been presented in the Phase 1 Desk Study. 

3.6.2 The information obtained was contradictory and therefore it is unlikely that a 

single level of radon risk can be determined for the site as a whole. 

3.7 Environmental setting 

3.7.1 The site environmental setting has been presented in the Phase 1 Desk Study. 

3.7.2 The desk study did not reveal any significant risks arising from the 

environmental setting of the site with the exception of the possible presence 

of made ground of unknown origin. 

3.7.3 The desk study noted a potential risk if made ground was present at the site 

and contained elevated concentrations of contamination. 
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3.8 Geological Constraints  

3.8.1 Recorded geological constraints on the development of the site have been 

presented in the Phase 1 Desk Study. 

3.8.2 The desk study did not reveal any significant risks arising from geological 

constraints with respect to the development of the site. 

3.9 Site History 

3.9.1 The history of the site, based on readily available historical maps has been 

presented in the Phase 1 desk study.  

3.9.2 The historical maps indicated that the site has remained as agricultural land 

for the last 140 years. 

3.9.3 The desk study did not reveal any significant risks arising from the site 

history with respect to the development of the site. 

4.0 SITE WORK 

4.1 Three ground investigations have been carried out relating to the general site area. 

4.2 The most recent site work site work was carried out between 9
th

 and 18
th

 January 2008 

by Ian Farmer Associates and comprised the following: 

• Seventeen cable percussion boreholes designated BH01 to BH17  

• Ten boreholes, BH04 to BH10, and BH15 to BH17 extended by rotary coring 

techniques  

• Seventeen window sampler boreholes, designated WS01-WS17  

• Monitoring standpipes installed in thirteen boreholes, BH01 to BH12 and WS10 

• Eighteen dynamic probes, designated DP01 to DP18 

• Fifteen machine excavated trial pits, designated TP01 to TP15 

• In-situ Californian Bearing Ratio tests and probing by TRL methods at all trial pit 

locations 

• Gas and groundwater levels recorded on six occasions following site works 
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4.3 The exploratory holes carried out under this current investigation were divided 

between the development areas as follows: 

• Plateau A: BH3 to BH17, WS6 to WS17, DP6 to DP17 and TP4 to TP15 

• Plateau B: BH1, BH2, WS1 to WS5, DP1 to DP5 and TP1 to TP3 

4.4 In 1995 a ground investigation was carried out by Exploration Associates comprising 

the following: 

• Twelve cable percussion boreholes designated BH1 to BH12  

• Monitoring standpipes installed in five boreholes 

• Twenty seven machine excavated trial pits, designated TP1 to TP27 

• In-situ Californian Bearing Ratio tests  

4.5 The ground investigation carried out by Exploration Associates was not coincident 

with the subject area of the current investigation. The investigation was carried out 

around the main junction area, to the north of the site, and southwards along the 

eastern edge of Plateau A. The investigation was carried out immediately adjacent to 

Lesters Lane. The exploratory holes approximately relate to the current plateau areas 

as follows: 

• Eastern edge of Plateau A: Trial pits TP1 to 14 including TP11A and CBR tests 

C1 to C11. Records have not been received for trial pits TP1, 2, 11A and 12. 

4.6 In 1989 a ground investigation was carried out by Stats Ltd. comprising the following: 

• Nine cable percussion boreholes designated BH1, BH3 to BH8, BH4a and BH5a  

• Eighteen machine excavated trial pits, designated TP01 to TP18 

4.7 The ground investigation carried out by Stats Ltd. extended to a greater area than the 

subject area of the current investigation. The exploratory holes approximately relate to 

the current plateau areas as follows: 

• Plateau A: Boreholes BH1, 3, 5 and 5a and trial pits TP1 to 6 

• Plateau B: Boreholes BH4, 4a and 6 and trial pits TP5, 8 and 9 

4.8 In order to maintain clarity within this report any references to exploratory holes 

carried out under the current investigation will have no prefix, exploratory holes 

carried out by Exploration Associates will have the prefix “E” and exploratory holes 

carried out by Stats Ltd. will have the prefix “S”. 
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5.0 LABORATORY TESTS 

5.1 Geotechnical Testing 

5.1.1 Geotechnical testing has been carried out as part of each of the ground 

investigations listed in Section 2.1 above. The range of tests carried out are 

indicated in the table below: 

Geotechnical test IFA Ex. Ass Stats 

Natural moisture content Yes Yes Yes 

Plasticity indices Yes Yes Yes 

Bulk Density Yes Yes Yes 

Particle size distribution Yes Yes Yes 

Undrained triaxial compression Yes Yes Yes 

Oedometer consolidation Yes Yes Yes 

Dry density / moisture content relationship Yes Yes Yes 

California Bearing Ratio (CBR) Yes Yes Yes 

MCV No Yes No 

pH value Yes Yes Yes 

Total sulphate content No Yes No 

Water soluble sulphate content Yes No Yes 

Groundwater sulphate content Yes No Yes 

 

5.2 Chemical Testing 

5.2.1 Chemical testing was carried out as part of the current investigation. 

5.2.2 An analytical testing suite of commonly occurring contaminants was carried 

out on fifty-six samples of soil, seven samples of leachate and six samples of 

water. 

5.2.3 Chemical testing was not carried out as part of the previous investigations. 
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6.0 GROUND CONDITIONS ENCOUNTERED 

6.1 Previous Investigations 

6.1.1 The investigation carried out by Stats in 1989 encountered the sequence and 

indicative thicknesses of strata, within the current site area, summarised 

below: 

Depth Encountered (m) 
Strata Encountered 

From To 

Strata Thickness 

(m) 

Top soil 0 0.20 – 0.30 0.20 – 0.30 

Firm and stiff CLAY Absent – 0.30 1.60 – 6.00 1.35 – 5.10 

SAND with gravel Locally present with thicknesses up to 2.70m 

Mudstone / sandstone bedrock 0.80 – 6.00  Not proved 

 

6.1.2 The investigation carried out by Exploration Associates in 1995 encountered 

the sequence and indicative thicknesses of strata, along the eastern edge of 

the current Plateau A, summarised below: 

Depth Encountered (m) 
Strata Encountered 

From To 

Strata Thickness 

(m) 

Top soil 0 0.15 - 0.40 0.15 – 0.40 

Made ground 0.15 2.10 1.95 

Firm and stiff CLAY 0.15 – 0.40 0.80 – 3.40 0.50 – 1.80  

SAND with gravel Locally present with thicknesses up to 2.30m 

Mudstone / sandstone bedrock 0.80 – 2.10  Not proved 

 

6.2 Current Investigation 

6.2.1 The current investigation encountered the sequence and indicative 

thicknesses of strata are indicated on the nominal cross sections in Appendix 

1 and summarised below: 
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Depth Encountered (m) 
Strata Encountered 

From To 

Strata Thickness 

(m) 

Top soil 0 0.20 – 0.60 0.20 – 0.60 

Made ground 0 – 0.30 1.50 – 2.50 0.60 – 2.00 

Firm and stiff CLAY 0.20 – 0.50 0.70 – 5.80 0.40 – 4.20 

SAND / GRAVEL Locally present with proved thicknesses up to 5.80m 

Mudstone / sandstone bedrock 0.50 – 14.20  Not proved 

 

6.2.2 The investigations have proved a mantle of drift deposits across the site 

overlying bedrock. 

6.2.3 The drift deposits do not appear to show systematic variation in thickness 

across the site although a channel, represented by substantially deeper drift 

deposits, may be present extending from the centre of the site towards the 

northeast corner. 

6.3 Topsoil 

6.3.1 Topsoil was encountered throughout the site areas as a thin veneer with 

thicknesses between 0.15m and 0.60m. 

6.4 Made ground 

6.4.1 Made ground was encountered locally across the site. 

6.4.2 Across Plateau A made ground appeared to be present towards the northeast 

and east central areas and absent from the northwest and southern areas. 

6.4.3 Across Plateau B made ground was only encountered in TP3, on the southern 

part of the area, as a thin layer beneath topsoil. 

6.4.4 Made ground predominantly comprised clay with secondary gravel. Made 

ground comprised sand in TP8. The made ground appears to comprise 

reworked locally won materials. 

6.5 Clay 

6.5.1 The majority of the soil strata encountered across the site comprised clay. 

6.5.2 The clay encountered may generally be described as brown slightly sandy, 

slightly gravely clay. Cobbles were locally noted. 
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6.5.3 The consistency of the clay was variously described as soft, firm and stiff. 

Soft clay appeared to be present either directly beneath topsoil or adjacent to 

granular deposits or rock. 

6.6 Sand / Gravel 

6.6.1 Sand and gravel was encountered across the site generally interbedded as 

layers within the clay. 

6.6.2 The distribution of granular strata across the site did not appear to be 

systematic either laterally or vertically. 

6.6.3 The greatest thicknesses of granular strata, in excess of 5m, were 

encountered in BH11 and BH17 towards the northeast corner of the site.  

6.7 Bedrock 

6.7.1 Rock was encountered across the site. Rock variably comprised sandstone, 

siltstone and mudstone. The depth to rockhead varied across the site from 

0.50m to 14.20m. The average thickness of drift deposits, based on the 

proved rockhead depths was about 3.50m. 

6.7.2 The elevation of the rockhead falls across the site towards the east. 

6.7.3 The rock head elevations across the southern part of Plateau A fall from 

about 50mAOD to about 38mAOD adjacent to Lesters Lane. Beneath the 

northern part of Plateau A the rockhead levels fall from about 55mAOD to 

about 28mAOD adjacent to Lesters Lane. 

6.7.4 There appears to be a channel type feature, in the rockhead profile, that 

extends from the central part of Plateau A towards the northeast corner of the 

site. 

6.7.5 The rockhead beneath Plateau B appears to undulate between elevations of 

about 55mAOD increasing to about 58mAOD adjacent to the western 

boundary. 

6.8 Groundwater 

6.8.1 Groundwater was encountered as seepages within drift deposits at depths 

between about 0.50m and 2.50m. Typically these seepages occurred from 

sand or silt layers. 

6.8.2 Groundwater was encountered at the boundary between drift deposits and 

bedrock at depths between 2.50m and 6.50m. The groundwater encountered 

at this boundary generally had a slight pressure head of up to about 1m when 

encountered during drilling. 
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6.8.3 Groundwater depths monitored subsequent to fieldworks varied between 

about 0.40m and 2.70m. 

7.0 ASSESSMENT OF STRATA CONDITIONS 

7.1 Assessment of Strata Conditions 

7.1.1 The soil strata encountered on site were principally cohesive in nature and 

contained differing proportions of secondary constituents varying in size 

from sand to cobbles. Sand and gravel, with local variations in grading, were 

also encountered. Bedrock lies beneath drift deposits. The material types are 

similar across both Plateau A and B and are therefore discussed together 

below. 

7.1.2 Plasticity indices indicate that the clay strata are predominantly low 

plasticity. Locally clay of intermediate plasticity and silt of high plasticity 

were encountered. Natural moisture contents were generally about the plastic 

limit. 

7.1.3 Laboratory measurements of bulk densities of the clay typically ranged from 

about 2.1 to 2.4Mg/m
3
 with dry densities typically from about 1.8 to 

2.1Mg/m
3
. 

7.1.4 Laboratory measurements of undrained shear strength, Cu, ranged from 

45kN/m
2
 to 287kN/m

2
 with an overall mean of 126kN/m

2
. These values 

correspond to consistencies of firm, stiff and very stiff. The Cu values do not 

indicate any systematic variation between strength and depth. 

7.1.5 Work undertaken by Stroud, ref. 12.8 determined a relationship between SPT 

‘N’ values and the undrained shear strengths of many over-consolidated 

clays.  Further work by Stroud and Butler, ref. 12.9, in which data was 

analysed from sites covering a wide range of glacial deposits, confirmed 

there to be a correlation between the ‘N’ value, plasticity index and 

undrained shear strength. 

7.1.6 The relationship was of the form: 

 Cu = F1 x N 

 where Cu  = Undrained shear strength 

   F1  = Factor 

 

7.1.7 It was determined by Stroud that F1 varied between 4kN/m² for material of 

high plasticity and 6kN/m² for material of low plasticity. It is considered that 

for the strata encountered on this site a value of F1 = 5kN/m² would be 

appropriate. 
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7.1.8 SPT’N’ values obtained in cohesive strata across the site ranged from 7 to 39 

with an average of 16. 

7.1.9  On this basis a range of Cu values between 35kN/m
2
 and 195kN/m

2
 with an 

average of 80kN/m
2
 may be derived from the SPT data. 

7.1.10 SPT’N’ values obtained in granular strata across the site ranged from 7 to 

>50 indicating with a mean, for tests reaching full penetration, of 15. These 

values indicate relative densities in the range loose, medium dense, dense 

and very dense. 

7.1.11 SPT ‘N’ values obtained in bedrock ranged from 22 to 50 blows for 20mm 

penetration corresponding to an extrapolated SPT ‘N’ values of 750. The 

overall average of SPT’N’ values within bedrock was 245. 

7.1.12 CIRIA Report 143 indicates that a relationship exists between SPT’N’ value 

and unconfined compressive strength, σc, of weak rocks. The relationship is 

acknowledged to be conservative and is therefore of the form: 

σc > 10 x ‘N’ (kN/m
2
) 

7.1.13 On this basis the strengths derived from SPT’N’ values within the bedrock 

range from 0.22MPa to 7.5MPa corresponding to very weak, weak and 

moderately weak. The strength values vary with lithology and with depth of 

penetration into the rock. 

7.1.14 Direct measurement of uniaxial compressive strength (UCS), carried out on 

samples recovered by coring, yielded results between 0.80MPa and 67MPa 

with an average of 30MPa. It should be noted that within the rock strata 

encountered typically only the most competent materials, with the fewest 

fractures, are suitable for UCS testing and therefore these values are likely to 

represent an upper bound value for the strata encountered. 

7.1.15 Measurement of the strength of rock was also made by the point load test. 

The point load test derives a strength value, Is50(MPa), that may be 

approximately related to UCS by the following: 

UCS = Is50 x 24 

7.1.16 On this basis the UCS values derived from point load testing ranged from 

1.2MPa to 57.6MPa. This range of values is similar to that derived from 

direct measurement of UCS. 
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8.0 ENGINEERING DISCUSSION AND 

RECOMMENDATIONS  

8.1 Development Proposals 

8.1.1 It is understood that it is proposed carry out a ground re-modelling exercise 

at the site to provide two development areas for future office building 

development. 

8.1.2 The ground re-modelling will comprise relatively large scale cut and fill 

earthworks to produce a near level ground profile across Plateau A and a 

lesser degree of cut for the western site area to produce a similar area of near 

level ground, at a slightly higher elevation, that will constitute Plateau B. 

8.1.3 The illustrative sections, provided by the Engineer, imply the possible 

excavation of materials to an approximate maximum depth of 9m along the 

western area of Plateau A and material excavation to depths of 2 to 3m 

across Plateau B. 

8.1.4 It is proposed to re-use the excavated materials as embankment fill to raise 

the site levels along the eastern boundary by up to 6m so providing a near 

earthwork balance. 

8.2 Earthworks: Cuttings 

8.2.1 Earthworks will comprise the removal of material from the west side of Area 

A and the whole of Area B. 

8.2.2 Excavation to depths of about 9m may be required along the west side of 

Plateau A. This would require the removal of between 3 and 4m of clay, 

locally with sand bands, and about 5 or 6m of bedrock. The bedrock 

comprised an interbedded sequence of mudstone, siltstone and sandstone. 

8.2.3 Significant cut slopes will be formed along the western side of Plateau A. 

Along much of this cut the boundary between the drift deposits and the 

underlying bedrock will be exposed. Observations on groundwater during 

drilling and monitoring indicate that a spring line should be anticipated along 

this soil / bedrock boundary. In addition the exposure of sand or gravel layers 

within the soil strata may give rise to seepages from the soil slope. 

8.2.4 Preliminary design of the cutting along the west side of Plateau A may be 

based on a slope of gradient 1 vertical to 1.5 horizontal within the bedrock 

and a gradient of 1 vertical to 2.5 horizontal within the overlying soil. The 

incorporation of a bench along the level of the soil / rock boundary would 

permit the incorporation of drainage measures to manage water from the 

spring line and permit access for maintenance of the soil slope. Additional 
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drainage measures may be required within the soil slope to manage local 

seepages. 

8.2.5 Excavation to depths of about 2 to 3m across Plateau B would predominantly 

require the removal of soil strata comprising clay, locally with significant 

sand layers. The excavation will locally encounter bedrock. 

8.2.6 Preliminary design of cuttings around Plateau B may be based on a gradient 

of gradient of 1 vertical to 2. Drainage measures may be required within the 

soil slopes to manage local seepages. 

8.2.7 Inspection of slopes should be carried out during excavation to ensure that 

design measures achieve adequate factors of safety with respect to local 

strata conditions. 

8.2.8 Excavation of soil strata should be achievable by standard plant. The 

excavation of rock is likely to require the use of heavy duty ripping 

equipment and / or hydraulic breakers. The difficulty of rock excavation will 

increase with depth below rock head. 

8.3 Earthworks: Re-use or export of materials 

8.3.1 Particle size analysis of the soil strata indicate that the cohesive strata are 

suitable for use as Class 2, general cohesive fill, or Class 7, selected cohesive 

fill and that the granular strata are suitable for use as Class 1, general 

granular fill, or Class 6, selected granular fill. 

8.3.2 Made ground, where locally encountered, generally comprised reworked clay 

and will therefore likely be suitable for use as Class 2 fill. 

8.3.3 It is considered that sandstone will be suitable for use as Class 1 fill and may 

be suitable for use as Class 6 fill. The use of sandstone as Class 6 fill is likely 

to require crushing. 

8.3.4 It is considered that mudstone will be suitable for use as Class 2 fill. The use 

of mudstone as Class 7 fill would require stabilisation by the addition of lime 

or cement. 

8.3.5 Leachate testing of soil samples for waste acceptance criteria indicates that 

they would fall within the classification of “inert waste”. 

8.4 Earthworks: Embankments 

8.4.1 The preparation of the formation for embankments will require the removal 

of topsoil, typically encountered to about 0.30m depth. Any areas of soft, 

organic or otherwise deleterious material should also be removed. 

8.4.2 Cross sections provided by the Engineer indicate maximum embankment 

heights up to about 6m along the eastern side of Plateau A. 
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8.4.3 It is considered that the preliminary design of embankments may be based on 

gradients of 1 vertical to 2 horizontal. 

8.4.4 Assuming an average thickness of 3m of compressible clay strata the total 

maximum settlements beneath embankments will be along the eastern edge 

of the site and are likely to be in the order of 100mm. It is anticipated that 

approximately 50% of this settlement will occur during embankment 

construction. 

8.4.5 The rate of consolidation will be dependent on the length of the drainage 

paths allowing the release of excess pore water pressure from the clay. 

8.4.6 It is recommended that a layer of granular material be placed immediately 

above formation level to minimise the length of drainage paths and therefore 

the rate that consolidation settlement will occur. 

8.4.7 Based on the presence of this drainage blanket at the base of the embankment 

maximum times for 90% of consolidation settlement to occur are estimated 

to be in the range 1 to 3 months. 

8.4.8 The magnitude of settlement will reduce pro-rata with reduction of 

embankment thickness assuming a constant thickness of compressible strata. 

8.4.9 The total settlements may approach the differential settlement in areas where 

the embankment is underlain by laterally adjacent cohesive and granular 

strata. 

8.4.10 The post construction settlements indicated above are not considered to be of 

sufficient magnitudes to require the installation of post construction 

settlement monitoring. 

8.5 Foundation Design 

8.5.1 The results of laboratory tests indicate the clay strata may be considered to be 

of low and, locally, medium plasticity. Although the proposed buildings are 

not likely to be residential the classification system used by the National 

House Building Council, ref 12.10 and other published data, refs 12.11 and 

12.12 provides a useful indication of minimum foundation depths. Based on 

these sources the clay is of low and medium volume change potential. 

Changes in moisture content may result in moderate changes in volume, 

seasonal changes being exacerbated by the presence of trees. Outside the 

zone of influence of proposed trees it is considered that a minimum depth of 

0.90m should be applied to foundations within clay or clay fill.  

8.5.2 The foundations across the site will encounter a variety of strata at shallow 

depth. 
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8.5.3 Foundation excavations along the western side of Plateau A will generally 

encounter bedrock. These strata will provide adequate bearing capacity for 

the use of shallow spread foundations. 

8.5.4 Foundation excavations along the central part of Plateau A will predominantly 

encounter firm and stiff clay. Preliminary design of shallow spread 

foundations up to 1m in width may be based on an allowable bearing 

capacity of 100kN/m
2
. This would provide an adequate factor of safety 

against shear failure and limit consolidation settlements to the order of 

20mm. 

8.5.5 Foundation excavations along the eastern part of Plateau A will encounter 

embankment fill at shallow depths. The bearing capacity of this fill will be 

dictated by the method of emplacement. Laboratory compaction tests have 

indicated that maximum dry densities of about 1.8Mg/m
3
 are achievable at 

moisture contents about 15%. These values approach the in-situ values for 

the clay and suggest that similar bearing capacities should be achievable 

within the embankment fill as those indicated above for the in-situ clay. 

8.5.6 Foundations spanning the boundary between bedrock and clay, may 

encounter some differential settlement. In this case it is recommended that 

the foundations are extended through clay to bear on the underlying bedrock. 

8.5.7 If buildings are located close to the top of the embankment crest then 

detailed slope analysis should be carried out to determine the effect of 

building loads on slope stability. 

8.5.8 The strata encountered at foundation depths on Plateau B will be bedrock, 

clay or sand. The bearing capacities indicated above may also be used for 

preliminary design of foundations in this area. 

8.5.9 Piles may be considered in areas where high column loads are anticipated 

and the underlying strata are clay or embankment fill.  Guidelines for the 

design of piles are given in Appendix 5. 

8.5.10 The carrying capacity of piles depends not only on their size and the ground 

conditions but also on their method of installation.  Therefore, it is 

recommended that specialist Piling Contractors be contacted as to the 

suitability and carrying capacity of their piles in the ground conditions 

pertaining to the site. 

8.6 Excavations 

8.6.1 On the basis of observations on site, together with the results of in-situ and 

laboratory tests, it is considered that excavations to less than 0.90m should 

stand unsupported in the short term.  Side support for safety purposes should 

of course be provided to all excavations in excess of 0.90m deep in 

accordance with Health and Safety Regulations. 
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8.6.2 Groundwater seepages should be expected in shallow excavations for 

foundations or services.  It is also possible that perched groundwater could 

be present in the strata overlying the clay.  It is considered that this could be 

dealt with by pumping from sumps or diversion drainage. 

8.6.3 Groundwater flows could be expected in excavations taken through the soil / 

bedrock boundary. 

8.7 Road and Hard Standing Design 

8.7.1 The structural design of a road or hard standing is based on the strength of 

the subgrade, which is assessed on the California Bearing Ratio, CBR, scale.   

8.7.2 In situ CBR tests have recorded values in the range 7.4% to 19% for clay 

formation and 8.7% to 30% for sand formation. 

8.7.3 Laboratory CBR tests have recorded values in the range 2.0% to 5.2% for 

clay. 

8.7.4 In practice, the correlation given by the Highways Agency, ref. 12.13, also 

provides guidance figures for equilibrium CBR values for varying 

construction conditions. 

8.7.5 It is considered that for formations prepared in natural soil strata a CBR 

value of about 5% may be adopted for preliminary design. Where formations 

are prepared in suitably compacted embankment fill a CBR value of 2% may 

be adopted for preliminary design. 

8.7.6 Any areas of soft or deleterious material should be excavated and replaced 

with a properly compacted selected material.  

8.8 Chemical Attack on Buried Concrete  

8.8.1 The results of chemical tests indicate sulphate concentrations in the soil of 

between <0.1g/l and 0.4g/l as a 2:1 water/soil extract with pH values in the 

range of 4.8 to 8.2 

8.8.2 The results of chemical tests indicate sulphate concentrations in groundwater 

of 0.04g/l and 0.07g/l with pH values of 8.2.  

8.8.3 In accordance with the guidelines given in BRE Special Digest 1, ref. 12.14, 

the Aggressive Chemical Environment for Concrete (ACEC) classification 

for the site is AC-3z. Consequently buried concrete should conform to 

Design Sulphate Class DS-1.   

8.8.4 It is recommended that for conventional shallow foundations, the groundwater 

should be regarded as mobile. 
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9.0 ENVIRONMENTAL RISK ASSESSMENT IN 

RELATION TO PROPOSED DEVELOPMENT 

9.1 Contaminated Land 

9.1.1 The statutory definition of contaminated land is defined in the Environmental 

Protection Act 1990, ref 12.15, which was introduced by the Environment 

Act 1995, ref 12.16; 

• ‘Land which appears to the Local Authority in whose area it is situated to 

be in such a condition, by reason of substances in, on or under the land, 

that – 

• significant harm is being caused or there is a significant possibility of 

such harm being caused; or 

• significant pollution of controlled waters is being caused, or there is a 

significant possibility of such pollution being caused.’   

9.2 Risk Assessment 

9.2.1 The definition of contaminated land is based on the principles of risk 

assessment.  Risk is defined as a combination of: 

• The probability, or frequency of exposure to a substance with the 

potential to cause harm, and: 

• The seriousness of the consequence. 

9.3 Pollutant Linkage  

9.3.1 The basis of an environmental risk assessment involves identifying a 

‘source’ of contamination, a ‘pathway’ along which the contamination may 

migrate and a ‘receptor’ at risk from the contamination. 

9.3.2 Current legislation defines the various elements of the pollution linkage as: 

• A contaminant is a substance which is in or under the ground and which 

has the potential to cause harm or to cause pollution of controlled waters. 

• A pathway is one or more routes through which a receptor is being 

exposed to, or affected by, a contaminant, or could be so affected. 

• A receptor is either a living organism, an ecological system, a piece of 

land or property, or controlled water. 



 

 

Warren Hall,  Broughton  

 

 

Contract No. W08/40274-3 Page 21 of 27 

9.3.3 A pollutant linkage indicates that all three elements have been identified.  

The site can only be defined as ‘Contaminated Land’ if a pollutant linkage 

exists and the contamination meets the criteria in Section 9.1.1 above.  

9.3.4 The guidance proposes a four-stage approach for the assessment of 

contamination and the associated risks.  The four stages are listed below:  

• Hazard Identification 

• Hazard Assessment 

• Risk Estimation 

• Risk Evaluation 

9.3.5 The hazard identification and hazard assessment have been based upon the 

Phase 1 Desk Study and formed the conceptual site model, detailed in our 

report, reference 40274-1, dated February 2008. 

9.3.6 The risk assessment and evaluation stages are presented in this phase 2 

interpretive report, after an intrusive ground investigation has taken place. 

9.4 Risk Estimation - Humans 

9.4.1 The proposed development consists of office / commercial buildings with 

associated access roads and car park areas.  The risk assessment has therefore 

been based on guidelines for commercial / industrial. Should the proposed 

end-use of the site be changed in the future then further risk assessment may 

be required, particularly should a more sensitive end-use be envisaged. 

9.4.2 The results of the soil analyses have been compared to the CLEA SGVs where 

available, or alternatively, Generic Assessment Criteria (GAC), determined 

by LQM and CIEH in accordance with current legislation and guidance, as 

detailed in their publication, ref.12.20. 

9.4.3 The guidance values used within this contamination assessment have been 

tabulated and are detailed within Appendix 6.  

9.4.4 The results of chemical analyses have been processed in accordance with 

recommendations set out in CLR 7, ref 12.17 and CLR 10, ref. 12.19.  Where 

the concentrations determined on site are at or below the respective Guidance 

Level, they are considered not to pose a risk and are removed from further 

consideration, unless otherwise stated.   

9.4.5 The results of the contamination testing carried out on soils were all below 

their respective guidance values and are therefore not considered to pose a 

significant risk to the proposed development. 
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9.5 Risk Assessment - Controlled Waters 

9.5.1 The site is located on a minor aquifer and a surface watercourse forms the 

southern site boundary. 

9.5.2 An initial assessment of the risk to controlled waters has been conducted on 

the basis of the leachate and groundwater test results.  The leachate and 

groundwater results have been screened against the freshwater 

Environmental Quality Standards (EQS), ref. 12.21. 

9.5.3 The analytical test results were all below their respective available EQS 

guidelines. 

9.5.4 The presence of very slightly elevated values of TPH in the range C15 to C40 

was noted in BH4 and BH9. This occurrence does not appear to be consistent 

with the rest of the analytical test data and may be due to minor local oil / 

diesel spillage from agricultural plant or investigation plant. 

9.5.5 Given the ground conditions encountered at the site and the results of this 

contamination assessment, it is considered unlikely that further assessment of 

the risks to controlled waters may be required.  

9.6 Summary of Risk Evaluation 

9.6.1 The analytical test data generally confirms the desk study and is consistent 

with the site history as agricultural / greenfield land with made ground 

predominantly comprising reworked soils. 

9.6.2 In the absence of a significant source of contamination the risks to potential 

receptors are considered very low. 

10.0 MANAGEMENT OF CONTAMINATION 

10.1 General 

10.1.1 The results of laboratory tests, analysis of the data, together with 

consideration of the site conceptual model and exposure model for the 

proposed development, suggest that a formal remediation strategy is not 

required as part of this development.    

10.1.2 In the absence of a formal remediation strategy there is no requirement for 

remediation validation monitoring or reporting. 
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10.2 Management of Unidentified Sources of 

Contamination 

10.2.1 There is the possibility that other sources of contamination may be present on 

the site, which were not detected during the investigation.  Should such 

contamination be identified or suspected during the site clearance or ground 

works, these should be dealt with accordingly.  A number of options are 

available for handling this material, which include: 

• The removal from site and disposal to a suitably licensed tip of all 

material suspected of being contaminated.  The material would need to 

be classified prior to disposal. 

• Short-term storage of the suspected material while undertaking 

verification testing for potential contamination.  The storage area should 

be a contained area to ensure that contamination does not migrate and 

affect other areas of the site.  Depending upon the amounts of material 

under consideration, this could be either a skip or a lined area.  

• Having a suitably experienced environmental engineer either on-call 

or with a watching brief for the visual and olfactory assessment of the 

material, and sampling for verification purposes. 

10.3 Consultation 

10.3.1 During the development of large site, consultation may be required for a 

number of reasons with a number of regulatory Authorities.  The following 

provides an indication as to the most likely Authorities with which 

consultation may be required. 

• Local Authority.  There may be a planning condition regarding 

contamination and consultation will be required with a designated 

Contaminated Land Officer within the Environmental Health 

Department.  The Local Authority is generally concerned with human 

health risks.  

• Environment Agency.  Where development may affect the local 

groundwater and / or surface water regime, where a site is within a 

groundwater protection zone or has been designated as a special site, the 

Environment Agency is likely to be involved to ensure that controlled 

waters are protected. 

10.3.2 Based on the results of any consultation, there may be specific conditions 

imposed by one or more of the Authorities.   
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10.4 Risk Management During Site Works 

10.4.1 During ground works, some simple measures may have to be put in place to 

mitigate the risk of contamination affecting the site workers and the 

environs.  The majority of the proposed measures represent good practice for 

the construction industry and include: 

• Informing the site workers of the contamination on site and the potential 

health effects from exposure. 

• Where appropriate, the provision of suitable PPE for workers who may 

be potentially impacted by working in areas of the contamination. 

• Ensuring good hygiene is enforced on site and washing facilities are 

maintained on the site.  Workers are discouraged from smoking, eating or 

drinking without washing their hands first. 

• Dust monitoring, and if necessary, suppression measures should be put 

into practice where contamination is becoming airborne. 

10.4.2 Where contaminated materials are being removed from the site they should 

be disposed of at a suitably licensed landfill, with a ‘duty of care’ system in 

place and maintained throughout the disposal operations. 

10.4.3 Current regulations relating to the landfill disposal of contaminated soils and 

excavated waste must be in accordance with the EC Landfill Directive, 

1999/31/EC.  Excavation wastes are now classified in accordance with the 

European Waste Catalogue, ref 12.22. 

11.0 RECOMMENDATIONS IN RELATION TO GAS 

GENERATION  

11.1 Assessment of Gas Emission 

11.1.1 Gas standpipes were installed within the boreholes to monitor for gas 

emissions from either natural, landfill or coal mining sources. 

11.1.2 Across the majority of the site the gas concentrations and flow rates were not 

sufficient to indicate that specific gas protection measures would be required 

in commercial buildings. 

11.1.3 BH11, located at the northeast corner of the site, recorded methane 

concentrations up to 16% by volume allied to a flow rate of 1.8l/hr on 25
th

 

February 2008. A subsequent visit recorded a concentration of 2.3% by 

volume with negligible flow rate. 
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11.1.4 It is considered that the methane in BH11 may either be a confined source, 

within the sand or may be generating at another location and migrating 

through the sand. 

11.1.5 Additional monitoring is required to determine the gas regime and the 

potential risk to the site. 

11.1.6 Notes on potential gas protection measures are provided in Appendix  4. 

11.1.7 It is recommended that further gas monitoring will be required to confirm the 

amount and flow of gas before the design is finalised. This monitoring may 

be carried out at a time between completion of earthworks and start of 

building. 
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DESIGN CONSIDERATIONS 
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APPENDIX 2 

GUIDELINES FOR THE DESIGN OF PILES 

FIRST APPROXIMATION OF WORKING LOAD 

 

 
A2.1 GENERAL 

The ultimate carrying capacity, Qu, of a particular pile is taken as the sum of the ultimate shaft friction 

resistance, Qs, and the ultimate end bearing resistance, Qb.  This may be expressed as follows:- 

   Qu = Qs + Qb 

    = f.As + q.Ab 

  where f = unit shaft resistance 

   As = embedded surface area of pile 

   q = unit end bearing resistance 

   Ab = effective cross-sectional area of pile base 

A2.2 COHESIVE SOILS 

A2.2.1 Shaft Resistance 

The ultimate shaft resistance, f, for piles in both compression or tension in cohesive soils 

is determined by applying a factor to the undrained shear strength, Cs, which exists in the 

soils along the embedded length of the pile, and is given by:- 

 f  = α.Cs 

Where α is an adhesion factor, which for straight-shafted bored piles may be taken as 

0.45 to 0.60. 

Ultimate unit shaft friction should not exceed 100kN/m². 

A2.2.2 End Bearing 

For piles terminating in cohesive soils, the ultimate unit end bearing resistance q, is given 

by:- 

 q = Nc.Cb 

 where Cb is the undrained shear strength at the base of the pile 

 and Nc is a bearing capacity factor 
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The value of Nc for a cohesive material is variable, depending on the depth of the 

penetration of the pile into the bearing stratum.  Generally, Nc could be taken to have a 

value of 9, except in the case of large diameter short piles where a lesser value should be 

used. 

A2.3 COHESIONLESS SOILS 

A2.3.1 Shaft Resistance 

For piles driven in cohesionless soils the ultimate unit shaft resistance, f, may be 

calculated using the following method, which gives:- 

   f  =  0.5γ' (D+d) Ks tan δ 

 where γ = average effective unit weight of soil surrounding  

    the pile 

  D =  depth to the pile toe or to the base of the 

     granular stratum whichever is the lesser 

  d =  depth to the top of the granular stratum 

  δ =  angle of friction between pile and soil 

     (see below) 

  Ks =  a coefficient (see below) 

VALUES OF Ks AND δ 

Ks 

Relative Density Pile Type δδδδ 

Low High 
Tension Piles 

Steel 20° 0.5 1.5 0.5 

Concrete 0.75φ 1.0 2.0 0.5 

 

The value of φ may be interpreted from standard penetration tests, using published 

figures. 

For bored and cast-in-place piles, δ = 22° and Ks = 1 should be used to allow for 

loosening of the soil during boring. 

It has been found that the ultimate unit shaft resistance does not exceed 100kN/m² and 

therefore this value should not be exceeded in design. 
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A2.3.2 End Bearing 

The unit ultimate end bearing resistance (q) of piles in cohesionless soils may be 

calculated as follows:-  

  q   = γ'.D.Nq 

 where γ'  = average effective unit weight of soil surrounding  

    the pile 

 

  D  = depth to pile toe 

  Nq = bearing capacity factor 

Values for Nq, where piles penetrate the bearing stratum by more than five diameters, are 

given in published figures.  In addition, the ultimate unit base resistance should not 

exceed a value of 11,000kN/m².  For bored and cast-in-place piles the value of Nq used 

should correspond to loose soil conditions. 

A2.4 FACTORS OF SAFETY 

A2.4.1 Cohesive and Non-cohesive Soils 

For cohesive and non-cohesive soils a factor of safety of 3 may be used to obtain the 

allowable or safe carrying capacity of piles from the ultimate carrying capacity. 
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APPENDIX 3 

GENERAL NOTES ON CONTAMINATION ASSESSMENT 

 
A3.1 STATUTORY FRAMEWORK AND DEFINITIONS 

A3.1.1 The statutory definition of contaminated land is defined in the Environmental Protection 

Act 1990, ref 12.15, which was introduced by the Environment Act 1995, ref 12.16; 

‘Land which appears to the local authority in whose area it is situated to be in such a 

condition, by reason of substances in, on or under the land, that – 

(a) significant harm is being caused or there is a significant possibility of such harm 

being caused; or 

(b)  pollution of controlled waters is being, or is likely to be, caused.’   

A3.1.2 The UK guidance on the assessment of contaminated has developed as a direct result of 

the introduction of these two Acts.  The technical guidance supporting the new legislation 

has been summarised in a number of key documents collectively known as the 

Contaminated Land Reports (CLRs), a proposed series of twelve documents. Seven were 

originally published in March 1994, four more were published in April 2002, while the 

last remaining guidance document, CLR 11, ref 12.4 was published in 2004.   

A3.1.3 In establishing whether a site fulfils the statutory definition of ‘contaminated land’ it is 

necessary to identify, whether a pollutant linkage exists in respect of the land in question 

and whether the pollutant linkage: 

• is resulting in significant harm being caused to the receptor in the pollutant linkage, 

• presents a significant possibility of significant harm being caused to that receptor, 

• is resulting in the pollution of the controlled waters which constitute the receptor, or 

• is likely to result in such pollution. 

A3.1.4 A ‘pollutant linkage’ may be defined as the link between a contaminant ‘source’ and a 

‘receptor’ by means of a ‘pathway’.   

A3.2 ASSESSMENT METHODOLOGY  

A3.2.1 The guidance proposes a four-stage assessment process for identifying potential pollutant 

linkages on a site.  These stages are set out in the table below: 

No. Process Description 

1 
Hazard 

Identification 

Establishing contaminant sources, pathways and receptors 

(the conceptual model). 

2 Hazard Assessment 
Analysing the potential for unacceptable risks (what linkages 

could be present, what could be the effects). 

3 Risk Estimation 

Trying to establish the magnitude and probability of the 

possible consequences (what degree of harm might result and 

to what receptors, and how likely is it). 

4 Risk Evaluation Deciding whether the risk is unacceptable. 
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A3.2.2 Stages 1 and 2 develop a ‘conceptual model’ based upon information collated from desk 

based studies, and frequently a walkover of the site.  The walkover survey should be 

conducted in general accordance with CLR 2, ref 12.2.  The formation of a conceptual 

model is an iterative process and as such, it should be updated and refined throughout 

each stage of the project to reflect any additional information obtained. 

A3.2.3 The extent of the desk studies and enquiries to be conducted should be in general 

accordance with CLR 3, ref 12.1.  The information from these enquiries is presented in a 

desk study report with recommendations, if necessary, for further work based upon the 

conceptual model.  CLR 8, ref. 12.23, together with specific DoE ‘Industry Profiles’ 

provides guidance on the nature of contaminants relating to specific industrial processes.    

A3.2.4 If potential pollutant linkages are identified within the conceptual model, a Phase 2 site 

investigation and report will be recommended. The investigation should be planned in 

general accordance with CLR 4, ref 12.5.  The number of exploratory holes and samples 

collected for analysis should be consistent with the size of the site and the level of risk 

envisaged. This will enable a contamination risk assessment to be conducted, at which 

point the conceptual model can be updated and relevant pollutant linkages can be 

identified.  

A3.2.5  A two-stage investigation may be more appropriate where time constraints are less of an 

issue.  The first stage investigation being conducted as an initial assessment for the 

presence of potential sources, a second being a more refined investigation to delineate 

wherever possible the extent of the identified contamination.  

A3.2.6 All site works should be in general accordance with the British Standards, BS 5930:1999, 

ref. 12.7 and BS 10175:2001, ref 12.6. 

A3.2.7 The generic contamination risk assessment screens the results of the chemical analysis 

against generic guidance values.  Soils will be compared with the available Soil Guideline 

Values (SGVs) as published by the Department of Environment Food and Rural Affairs 

(DEFRA) and The Environment Agency (EA), and developed using the Contaminated 

Land Exposure Assessment (CLEA) Model. 

A3.2.8 Where there are no currently available SGVs for specific soil contaminants, the results of 

the soil analyses will be compared to Generic Assessment Criteria (GAC), determined by 

LQM and CIEH in accordance with current legislation and guidance.  

A3.2.9 Chemical laboratory test results are processed as follows. A statistical analysis of the 

results is conducted, as detailed in CLR 7, ref 12.17.  Individual concentrations are 

compared to the selected guideline values to identify concentrations of contaminants that 

are above the selected screening criteria. 

A3.2.10 The mean value test is applied to determine whether the mean characteristics of the 

selected soil unit present a significant possibility of significant harm to human health.  

The significance of the data is further tested using the maximum value test.  This 

determines whether the highest recorded contaminant concentrations are from the same 

statistical distribution or whether they may represent a ‘hot spot’. 

A3.2.11 Where the risk estimation identifies significant concentrations of one or more 

contaminants, a further risk evaluation needs to be undertaken. 

A3.2.12 The risk evaluation will address the potential pollutant linkages between an identified 

source of contamination and the likely receptors both on and off site. 

A3.2.13 The potential receptors include:   

1) Humans – current site occupants, construction workers, future site users and 

neighbouring site users. 
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2) Controlled Waters – surface water and groundwater resources 

3) Plants – current and future site vegetation 

4) Building materials 

A3.2.14 The potential hazards to be considered in relation to contamination are: 

a)  Ingestion and inhalation. 

b)  Uptake of contaminants via cultivated vegetables. 

c)  Dermal contact 

d) Phytotoxicity (the prevention or inhibition of plant growth) 

e) Contamination of water resources 

f) Chemical attack on building materials and services 

g) Fire and explosion 

A3.2.15 Dependent on the outcome of the initial, generic contamination risk assessment, further 

detailed assessment of the identified risks may be required. 
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A3.3 Generic Guideline values used in contamination risk assessment 

  

Residential with plant uptake 

  

  

Residential w/o plant uptake 

  

  

Commercial / Industrial 

  

  

Assessment Criteria 

1% SOM 2.5% SOM 5% SOM 1% SOM 2.5% SOM 

5% 

SOM 1% SOM 2.5% SOM 5% SOM 

Benzo(a)pyrene (BaP) LQM CIEH GAC 1.12 1.08 1.09 1.3 1.31 1.32 29.7 29.7 29.9 

Dibenzo(a,h)anthracene LQM CIEH GAC 1.14 1.13 1.1 1.3 1.34 1.32 29.7 29.7 29.9 

Fluorene LQM CIEH GAC 38.4 91.4 184 2770 2640 2700 59000 59400 59500 

Napthalene LQM CIEH GAC 3.47 8.47 17 6.94 17.1 33.7 290 720 1440 

PAH 

Napthalene CLEA SGV 19 (DRAFT) 7 17 34 7 17 34 290 720 1400 

  Chlorobenzene LQM CIEH GAC 10.6 24.8 50 32.9 79.3 155 140000 143000 143000 

  1,2-dichloroethane (DCA) LQM CIEH GAC 0.00791 0.0172 0.0328 0.0118 0.0256 0.0486 0.536 1.16 2.2 

  Hexachlorobutadiene (HCBD) LQM CIEH GAC 0.00422 0.0103 0.0206 0.0496 0.12 0.23 1.98 4.72 8.77 

  Tetrachloroethane (PCA) LQM CIEH GAC 0.562 1.25 2.38 3.6 8.05 15.3 150 332 620 

  Tetrachloroethene (PCE) LQM CIEH GAC 1.01 2.32 4.5 1.46 3.39 6.58 63.1 146 283 

  1,1,1-Trichloroethane (TCA) LQM CIEH GAC 11.7 27.2 53.1 12.9 29.8 57.9 552 1280 2490 

  Trichloroethene (TCE) LQM CIEH GAC 0.134 0.308 0.598 0.15 0.346 0.673 6.42 14.8 28.8 

  Trichloromethane LQM CIEH GAC 0.888 1.99 3.86 1.72 3.91 7.52 79.4 180 345 

  Vinyl Chloride LQM CIEH GAC 0.000953 0.00184 0.00329 0.00129 0.00248 0.00447 0.0587 0.113 0.203 

  Atrazine LQM CIEH GAC 0.0204 0.0489 0.0984 7.04 6.86 7.03 152 157 157 

  Phenol CLEA SGV 8 78 150 280 21900 34400 37300 21900 43000 78100 

Arsenic CLEA SGV 1 20 20 500 

Cadmium CLEA SGV 3 1 (pH 6) 2 (pH 7) 8 (pH 8) 30 1400 

Chromium CLEA SGV 4 130 200 5000 

Inorganic Mercury CLEA SGV 5 8 15 480 

Nickel CLEA SGV 7 50 75 5000 

Selenium CLEA SGV 9 35 260 8000 

Lead CLEA SGV 10 450 450 750 

Beryllium LQM CIEH GAC 12.1 84.9 1950 

Copper LQM CIEH GAC 111 2080 45700 

Vanadium LQM CIEH GAC 140 150 4250 

Metals 

Zinc LQM CIEH GAC 330 8250 188000 
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A3.3 Generic Guidance Values Used Within Contamination Risk Assessment     

Aliphatic EC 5-6 LQM CIEH GAC 2.11 3.72 6.38 2.11 3.72 6.39 95.3 168 288 

Aliphatic EC C6-8 LQM CIEH GAC 5.37 11.9 22.7 5.37 11.9 22.7 242 535 1020 

Aliphatic EC >8-10 LQM CIEH GAC 1.46 3.55 7 1.46 3.56 7.05 65.9 160 317 

Aliphatic EC >10-12 LQM CIEH GAC 8.53 20.8 40.1 8.6 21.2 41.7 29900 30600 30400 

Aliphatic EC >12-16 LQM CIEH GAC 40.7 93.4 163 42.1 101 187 29900 30600 30400 

Aliphatic EC >16-35 LQM CIEH GAC 16400 16400 16300 27600 27600 26800 617000 631000 627000 

Aliphatic EC >35-44 LQM CIEH GAC 16400 16400 16300 27600 27600 26800 617000 631000 627000 

Aromatic 5-7 (Benzene) LQM CIEH GAC 0.575 1.33 2.57 0.613 1.41 2.75 26.9 26.9 121 

Aromatic EC >7-8 (Toluene) LQM CIEH GAC 0.624 1.46 2.85 0.694 1.63 3.18 30.4 30.4 139 

Aromatic EC >8-10 LQM CIEH GAC 1.09 2.67 5.3 2.39 5.88 11.6 107 107 513 

Aromatic EC >10-12 LQM CIEH GAC 1.94 4.76 9.44 14.2 34.1 63.9 625 625 2600 

Aromatic EC >12-16 LQM CIEH GAC 2.19 5.39 10.7 72.7 152 235 12200 12500 12400 

Aromatic EC >16-21 LQM CIEH GAC 115 132 133 291 336 362 9190 9400 9350 

Aromatic EC >21-35 LQM CIEH GAC 157 161 157 417 417 404 9250 9460 9410 

Aromatic EC >35-44 LQM CIEH GAC 157 161 157 417 417 404 9250 9460 9410 

TPHCWG 

Aliphatic & Aromatic EC 

>44-70 LQM CIEH GAC 174 179 174 417 417 404 9250 9460 9410 

Benzene CLEA SGV 12 (DRAFT) 0.024 0.056 0.109 0.038 0.087 0.168 1.66 3.8 7.32 

Toluene CLEA SGV 15 3 7 14 3 8 15 150 350 680 

Ethylbenzene CLEA SGV 16 9 21 41 16 41 80 4800 
BTEX 

Xylenes CLEA SGV 18 (DRAFT) 6 15 30 8 19 38 340 825 1650 
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APPENDIX 4 

GENERAL NOTES ON GAS GENERATION 

A4.1 GENERAL 

A4.1.1 In the past, a series of guidance documents were published by CIRIA, ref.12.28, 

providing advice on hazards associated with methane.  This earlier guidance has been 

consolidated in CIRIA Document C659, ref. 12.29 to provide a risk based approach to gas 

contaminated land.  It is recommended that guidance in C659 is adopted to provide a 

consistent approach in dealing with ground gas contamination. 

A4.1.2 This guidance is based on a similar approach to that for dealing with contaminated soil.  

The presence of hazardous gases could be deemed to be the ‘source’ in a ‘pollutant 

linkage’ that could lead to the conclusion that significant harm is or could be caused to 

people, buildings or the environment.  In such circumstances the land could be deemed 

‘contaminated’, ref. 12.15. 

A4.1.3 A developer must therefore undertake a gas risk assessment, sufficient to demonstrate to 

the local authority that the proposals mitigate any hazards associated with ground gas.  

The authority enforces compliance with Approved Document Part C of the Building 

Regulations, ref. 12.30. 

A4.2 APPROACH 

A4.2.1 A flow chart detailing the approach to assessing a site is given in CIRIA document C659, 

Figure 1.1.  This may be summarised as follows. 

• Carry out Phase 1 desk study, including initial conceptual model 

• Assess site, potential presence of gas / potential unacceptable risk / identify further 

action, if necessary 

• Monitor site 

• Assessment of Risk 

• Recommendations / remediation 

• Validation 

A4.3 POLLUTANT LINKAGE ASSESSMENT 

A4.3.1 A pollutant linkage assessment is presented in Appendix 3 of the Phase 1 Desk Study 

Report. 

A4.3.2 Using the risk model in the desk study, the pollutant linkage can be identified and a 

preliminary estimate of risk undertaken.  If there is no significant pollutant linkage 

identified there is no risk.  If there is a very low risk, it is likely that no further assessment 

is required.  If further assessment is necessary, then gas monitoring is required.  

A4.4 SITE MONITORING 

A4.4.1 For sites with low generation potential, giving consistently low concentrations of soil gas 

under the worst-case conditions, a limited programme of monitoring would be 

appropriate.  Where high or variable concentrations are anticipated or recorded, an 

extended programme of monitoring would be appropriate.  The following guideline has 

been proposed, ref. 12.32. 



 

 
 

 

  Generation potential of source 

 Very low Low Moderate High 
Very 

high 

Low 

(Commercial) 
4/1 6/2 6/3 12/6 12/12 

Moderate 

(Flats) 
6/2 6/3 9/6 12/12 24/24 

S
en

si
ti

v
it

y
 o
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d
ev

el
o

p
m

en
t 

High 

(Residential 

with gardens) 

6/3
3 

9/6 12/6 24/12 24/24 

 

Notes 

1. First number is minimum number of readings and second number is minimum period in months, for 

example 4/1 – Four sets of readings over 1 month. 

2. At least two sets of readings must be at low and falling atmospheric pressure (but not restricted to periods 
below <1000mb) known as worst case conditions (see Boyle and Witherington, 2006). 

3. The frequency and period stated are considered to represent typical minimum requirements.  Depending on 

specific circumstances fewer or additional readings may be required (e.g. any such variation subject to site 
specific justification).  The NHBC guidance is also recommending these periods/frequency of monitoring 

(Boyle and Witherington, 2006) 

4. Historical data can be used as part of the data set. 

5. Not all sites will require gas monitoring however, this would need to be confirmed with demonstrable 

evidence. 

6. Placing high sensitivity end use on a high hazard site is not normally acceptable unless the source is 

removed or treated to reduce its gassing potential.  Under such circumstances long-term monitoring may 

not be appropriate or required. 

A4.4.2 Before taking any readings, zero the instrument, record atmospheric pressure and 

temperature. 

A4.4.3 Gas flow should be recorded, giving the range of pressures, ensuring positive or negative 

flow is recorded. 

A4.4.4 Record gas levels, recording peak and steady.  Where steady state not obtained within 3 

minutes, record change in concentration, where concentrations are decreasing, always 

recode peak value.  For very high concentrations, record for longer period of up to 10 

minutes. 

A4.5 ASSESSMENT OF RISK AND RECOMMENDATIONS 

A4.5.1 The main method of characterising a site is the method described by Wilson and Card, 

ref. 12.33 and is termed Situation A.  This can be used for all types of development 

except conventional low-rise housing with suspended ground floor and ventilated 

underfloor void. 

A4.5.2 Low rise housing, Situation B, was developed by Boyle and Witherington, ref. 12.34 and 

was developed for the NHBC for classifying gassing sites for houses with suspended 

ground floor slab with ventilated void. 

A4.6 SITUATION A 

A4.6.1 This system proposed by Wilson and Card, ref. 12.33 was originally developed in CIRIA 

Report 149, ref. 12.24. 



 

 
 

A4.6.2 The method uses both gas concentrations and borehole flow rate for methane and carbon 

dioxide to define a Characteristic Situation for a site. 

A4.6.3 Gas Screening Value (litre/hr) = borehole flow rate (litre/hr) x gas concentration (%).  

The GSV is determined for methane and carbon dioxide and the worst case adopted.  The 

Characteristic Situation can then be determined from the table below.  The GSV can be 

exceeded if the conceptual model indicates it is safe to do so, and other factors may lead 

to a change in the Characteristic Situation. 

Characteristic 

Situation 

Risk 

Classification 

Gas screening 

value (CH4 or 

CO2(1/hr)
1 

Additional 

factors 

Typical source 

of 

generation 

1 

Very low risk <0.07 Typically 

methane <1% 

and/or carbon 

dioxide <5%.  

Otherwise 

consider increase 

to Situation 2 

Natural soils 

with low organic 

content  

“Typical” Made 

Ground 

2 Low risk <0.7 Borehole air 

flow rate not to 

exceed 70l/hr. 

Otherwise 

consider increase 

to Characteristic 

Situation 3 

Natural soil, 

high 

peat/organic 

content. 

“Typical” Made 

Ground 

3 Moderate risk <3.5  Old landfill, 

inert waste, 

mineworking 

flooded 

4 Moderate to 

high risk 

<15 Quantitative risk 

assessment 

required to 

evaluate scope of 

protective 

measures 

Mineworking – 

susceptible to 

flooding, 

completed 

landfill (WMP 

26B criteria) 

5 High risk <70  Mineworking 

unflooded 

inactive with 

shallow 

workings near 

surface 

6 Very high risk >70  Recent landfill 

site 

 

1. Site characterisation should be based on gas monitoring of concentrations and borehole flow rates for the 

minimum periods defined in A7.4.1 

2. Source of gas and generation potential/performance must be identified. 

3. If there is no detectable flow use the limit of detection of the instrument. 

A4.6.4 The Characteristic Situation can be used to define the scope of gas protective measures 

required. 



 

 
 

 

Characteristic 

situation 

Residential building (Not low-rise 

traditional housing) 
Office/commercial/industrial development 

 Number of 

levels of 

protection 

Typical scope of 

protective measures 

Number of 

levels of 

protection 

Typical scope of 

protective measures 

1 None No special precautions None No special precautions 

2 2 a) Reinforced concrete 

cast in situ floor slab 

(suspended non-

suspended or raft) 

with at least 1200g 

DPM and underfloor 

venting 

 

b) Beam and block or 

pre-cast concrete and 

2000g DPM / 

reinforced gas 

membrane and 

underfloor venting 

 

All joints and 

penetrations sealed 

1 to 2 a) Reinforced concrete 

cast in-situ floor slab 

(suspended 

non-suspended or raft) 

with at least 1200g 

DPM 

 

b) Beam and block or pre 

cast concrete slab and 

minimum 2000g 

DPM/reinforced gas 

membrane 

 

c) Possibly underfloor 

venting or 

pressurisation in 

combination with a) 

and b) depending on 

use 

 

All joints and 

penetrations sealed 

3 2 All types of floor slab 

as above. 

All joints and 

penetrations sealed. 

Proprietary gas resistant 

membrane and 

passively ventilated or 

positively pressurised 

underfloor sub-space 

1 to 2 All types of floor slab as 

above. 

 

All joints and 

penetrations sealed. 

 

Minimum 

2000g/reinforced gas 

proof membrane and 

passively ventilated 

underfloor sub-space or 

positively pressurised 

underfloor sub-space 

4 3 All types of floor slab 

as above. 

 

All joints and 

penetrations sealed. 

 

Proprietary gas resistant 

membrane and 

passively ventilated 

underfloor subspace or 

positively pressurised 

underfloor sub-space, 

oversite capping or 

blinding and in ground 

venting layer 

2 to 3 All types of floor slab as 

above. 

 

All joints and penetration 

sealed. 

 

Proprietary gas resistant 

membrane and passively 

ventilated or positively 

pressurised underfloor 

sub-space with 

monitoring facility 



 

 
 

Characteristic 

situation 

Residential building (Not low-rise 

traditional housing) 
Office/commercial/industrial development 

5 4 Reinforced concrete 

cast in situ floor slab 

(suspended, non-

suspended or raft).  

 

All joints and 

penetrations sealed.  

 

Proprietary gas resistant 

membrane and 

ventilated or positively 

pressurised underfloor 

sub-space, oversite 

capping and in ground 

venting wells or 

barriers 

3 to 4 Reinforced concrete cast 

in-situ floor slab 

(suspended, non-

suspended or raft). 

 

All joints and 

penetrations sealed. 

Proprietary gas resistant 

membrane and passively 

ventilated or positively 

pressurised underfloor 

sub-space with 

monitoring facility. 

 

In ground venting wells 

or barriers 

6 5 Not suitable unless gas 

regime is reduced first 

and quantitative risk 

assessment carried out 

to assess design of 

protection measures in 

conjunction with 

foundation design 

4 to 5 Reinforced concrete cast 

in-situ floor slab 

(suspended, non-

suspended or raft). 

 

All joints and 

penetrations sealed. 

 

Proprietary gas resistant 

membrane and actively 

ventilated or positively 

pressurised underfloor 

sub-space with 

monitoring facility, with 

monitoring. In ground 

venting wells and 

reduction of gas regime. 

 

1. Typical scope of protective measures may be rationalised for specific developments on the basis of 

quantitative risk assessments. 

2. Note the type of protection is given for illustration purposes only.  Information on the detailing and 

construction of passive protection measures is given in BR414, ref. 12.31. 

3. In all cases there should be minimum penetration of ground slabs by services and minimum number of 

confined spaces such as cupboards above the ground slab.  Any confined spaces should be ventilated. 

4. Foundation design must minimise differential settlement particularly between structural elements and 
ground-bearing slabs. 

5. Commercial buildings with basement car parks, provided with ventilation in accordance with the Building 

Regulations, may not require gas protection for characteristic situations 3 and 4. 

6. Floor slabs should provide an acceptable formation on which to lay the gas membrane.  If a block beam 

floor is used it should be well detailed so it has no voids in it that membranes have to span, and all holes 

for service penetrations should be filled.  The minimum density of the blocks should be 600kg/m3 and the 

top surface should have a 4:1 sand cement grout brushed into all joints before placing any membrane (this 

is also good practice to stabilise the floor and should be carried out regardless of the need for gas 

membrane). 

7. The gas-resistant membrane can also act as the damp-proof membrane. 
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Project:   A55 Warren Bank Interchange Trial Pit No: TP 101
Proj. No.   Ground Level:
Client:    

Depth (m) Depth to base (m)

0.30

0.60
0.60

1.00

1.50

2.50

Trial pit complete at 2.50m depth 

95, 100, 110

Results (kN/m2)
Grass over brown silty fine and medium sand with rootlets 
(TOPSOIL)

MADE GROUND: Orange-brown silty fine and medium sand with 
some sub-angular to rounded fine to coarse gravel of sandstone, 
siltstone.

(irregular base, locally to 0.7m)
MADE GROUND: Stiff brown occasionally mottled grey very 
sandy (fine and medium) silty Clay with some angular to rounded 
fine to coarse gravel of sandstone, siltstone, brick fragments and 
occasional sub-angular to rounded cobbles of sandstone, 
siltstone.
(irregular base, locally to 1.6m)

90, 110, 120

NWTRA

Trial Pit Record

Strata
Description

Hand Vane Tests

Stiff dark purplish-brown occasionally mottled grey slightly sandy 
(fine) silty CLAY with some sub-angular to rounded fine to 
coarse gravel of sandstone, siltstone, mudstone, coal.

At 1.80m rounded cobble of siltstone

None encountered.

CAT scan undertaken before excavation commenced to check no services present.

Logged by M Woolrich

No hand vane tests possible on excavated spoil below 1.2m depth; hindered by relatively small 'lump size' and gravel 
content.

Pit dimensions 0.9m x 2.5m

Pit sides stable.

Easy excavatability to 2m, 
moderately easy below.

Groundwater

Remarks

Excavation



Client: Welsh 
Assembly 
Government

Project:      Warren Hall Project No: 
5078488.106

Trial Pit Photographs : TP101 TP101



Project:   A55 Warren Bank Interchange Trial Pit No: TP 102
Proj. No.  Ground Level:
Client:    

Depth (m) Depth to base (m)

0.30

1.20
1.20

1.60

2.50
2.50

Trial Pit Record

Strata
Description

Hand Vane Tests

Firm, locally stiff, brown mottled dark purplish-brown and 
occasionally grey sandy (fine) CLAY with some sub-angular to 
rounded fine to coarse gravel of sandstone, siltstone, mudstone. 
Some pockets (up to 0.3m x 0.5m x 0.6m) of brown clayey fine 
and medium sand (possible Made Ground).

Grass over dark brown silty fine and medium sand with rootlets 
(TOPSOIL)

55, 60, 65

MADE GROUND: Orange-brown and dark brown slightly clayey 
very silty fine and medium sand with some sub-angular to sub-
rounded fine to coarse gravel of sandstone, siltstone.

Below 0.7m locally clayey
Intermixed brown very clayey fine and medium SAND and firm 
greyish-brown very (fine and medium) sandy CLAY. A little sub-
angular to rounded fine to coarse gravel of sandstone, siltstone 
(possible Made Ground).

(irregular base, locally to 2.6m)

Results (kN/m2)

Stiff dark brown, locally purplish-brown, occasionally mottled 
grey slightly sandy (fine) silty CLAY with some sub-angular to 
rounded fine to coarse gravel of sandstone, siltstone, mudstone.

65, 68, 70

NWTRA

3.00 3.20

Damp at 2.2m depth. Seepage at 2.6m depth where sand pocket locally deepens.

CAT scan undertaken before excavation commenced to check no services present.

Land drain (dry) encountered at 0.6m depth. Logged by M Woolrich

Remarks

Excavation
Easy excavatability.

Groundwater

Trial pit complete at 3.2m depth 

80, 88, 90

Pit sides stable.

Hand vane tests not possible between 1.6m  and 2.5m depth; hindered by relatively small 'lump size' and sand and 
gravel content.Tests undertaken on excavated spoil 'disturbed clay lumps' at 1.2m, 2.5m and 3m, consequently 
probably under-estimates.
Pit dimensions 0.9m x 2.5m



Project:   A55 Warren Bank Interchange Trial Pit No: TP 103
Proj. No.  Ground Level:
Client:    

Depth (m) Depth to base (m)

0.30

0.70

1.10

1.70

2.10

MADE GROUND: Orange-brown clayey fine to coarse Sand 
with some angular to sub-rounded fine to medium gravel of 
sandstone, siltstone. Locally intermixed with light brown silty 
sand.

MADE GROUND: Grey clayey fine and medium Sand with some 
pockets (up to 0.2m x 0.3m x 0.5m) of firm brown and grey very 
sandy (fine and medium) clay.

Grass over dark brown silty fine and medium sand with rootlets 
(TOPSOIL)

MADE GROUND: Grey clayey silty fine and medium Sand with 
much angular to sub-rounded fine to coarse gravel, and 
occasional cobbles of sandstone, siltstone. Angular, blocky 
sandstone cobbles/small boulders ('Old stone drain') in one end 
of pit.

below 1.9m intermixed with firm brown sandy (fine and medium) 
clay.

Stiff, locally firm, dark brown slightly sandy (fine) silty CLAY with 
some sub angular to rounded fine to coarse gravel of

Probable MADE GROUND: Firm dark grey slightly sandy Clay 
with a little sub-angular to subrounded fine and medium gravel 
of siltstone, mudstone and some rootlets, organic material.

Trial Pit Record

Strata
Description

Hand Vane Tests
Results (kN/m2)

NWTRA

2.60

None encountered.

CAT scan undertaken before excavation commenced to check no services present.

Logged by M Woolrich

Groundwater

some sub-angular to rounded fine to coarse gravel of 
sandstone, siltstone, mudstone.

Remarks

Excavation

Trial pit complete at 2.60m depth 

Pit sides stable.

Easy excavatability.

Hand vane tests not possible below 1.7m depth; hindered by relatively small 'lump size' and sand and gravel 
content.

Pit dimensions 0.9m x 3.3m (pit extended away from 'stone drain' encountered at 0.3m depth).
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1. This Specification has been prepared for the purpose of the Warrenhall enabling works. The 
earthworks shall be carried out in accordance with the current Highways Agency Specification for 
Highways Works. At the time of writing this specification some ground investigation works are 
being carried out. This specification may be amended after completion of the ground investigation. 

2. Acceptable Limits for Fills 

The Contractor shall be responsible for the testing, classification and determination of the 
acceptability of the proposed earthwork materials.   

The permitted classes of construction materials are defined in the following tables: 

• Table 6/1 Classification and Compaction Requirements 

• Table 6/2 Grading Requirements 
 
Embankments shall be constructed of Class 1/Class 2 General Fill unless otherwise indicated on 
the drawings.  
 
Class 4 materials shall be used as fill to landscape areas.  Class 5 materials shall be used for 
topsoil.   
 

2. Requirements for Determining Acceptability 

General 
 
The Contractor shall carry out all necessary testing as detailed at the Manual of Contract 
Documents for Highways Works Notes for Guidance on the Specification for Highways Works 
Volume 2 Table NG 1/1 Typical Testing Details and Table 6/1 to demonstrate the proposed 
materials meet the requirements of the Specification.  The classification and confirmation of 
acceptability of earthworks materials shall be carried out by the Contractor at excavation for on-
site materials and at the point of deposition for imported materials.   
 
Trial pit locations for classification purposes of site won material shall be spread across the area 
of intended excavation to give representative samples of the proposed fill for testing.   
 
Source approval testing is required for all fill materials.  To obtain source approval the Contractor 
shall carry out a full range of the tests detailed in Table NG 1/1 Typical Testing Details and Table 
6/1 for the Class of fill on at least 3 representative samples to demonstrate compliance.   
 
Following source approval, acceptability testing shall carried out at the frequencies given in 
Subsequent testing shall be at the frequencies given in Table NG 1/1 Typical Testing Details. 
 
If, in the opinion of the Designer, the material at the time of excavation or compaction is not of the 
previously determined classification or has become unacceptable the Designer may require the 
Contractor to repeat the classification and acceptability tests given in Table 6/1.  The rate of 
further testing required shall be sufficient to ensure the correct classification of materials taking 
into account the variations in their properties. 
 
Two copies of all test results and their interpretation to Material Class shall be submitted to the 
Designer within 3 days of the tests being completed. 

3. Rendering Unacceptable Material Acceptable  
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It is not anticipated that treatment by lime modification/improvement to render soft/weak cohesive 
materials acceptable will be undertaken for this scheme.  If the Contractor proposes lime 
modification/improvement he shall submit details of his proposals to the Designer for approval 
prior to incorporating such materials into the Works. 
 
Nuclear density meters calibrated for the various materials on site may be used in place of sand 
replacement tests, subject to sand replacement tests and laboratory moisture content 
determinations at a ratio of 1 for every 10 results obtained from nuclear density readings. 
 
Compliance and acceptability tests must be completed prior to covering. 
 

4. Requirements for Groundwater Lowering or Other Treatment 

Construction areas shall be kept free of groundwater, infiltration and the effects of weather, and 
all reasonable measures shall be taken to ensure that the sub-grade is protected. 
 

5. Permitted Use of Rapid Assessment Procedure for Material Acceptability 

Where moisture content is specified as the method of material classification and control, the 
Contractor may use a “rapid” method as an alternative to the BS1377: Part 2 method provided 
that such “rapid” methods are weekly calibrated against conventional BS methods using drying 
ovens.  The contractor shall submit details of the proposed calibration method to the Designer for 
review prior to start of the earthworks. 
 
Routine site testing of MCV may use the rapid moisture content assessment procedure of BS 
1377 Part 4 where a pre-calibrated repeatable standard can be reliably established and regularly 
checked.  Rapid methods shall not be used for lime modified or lime stabilised materials. 

 
 

 
 

 



N6 PPP Galway to Ballinasloe Atkins

Acceptable Limits
Lower Upper

(i)  grading BS1377: Part 2 Tab 6/2 Tab 6/2
(ii) uniformity coefficient see Note 5 10 -
(iii) moisture content BS1377: Part 2 App 6/1 App 6/1
(iv) Moisture Condition Value (MCV) Clause 632 App 6/1 App 6/1
(i)  grading BS1377: Part 2 Tab 6/2 Tab 6/2
(ii) uniformity coefficient see Note 5 10 -
(iii) mc BS1377: Part 2 App 6/1 App 6/1
(iv) Moisture Condition Value (MCV) Clause 632 App 6/1 App 6/1

(i)  grading BS 1377: Part 2 Tab 6/2 Tab 6/2

(ii) effective angle of friction (φ') and 
effective cohesion (c')

Clause 636 ∅' = 35° -

(ii) uniformity coefficient see Note 5 5 -

(iii) Los Angeles coefficent Clause 635 - 50
(i)  grading BS 1377: Part 2 Tab 6/2 Tab 6/2
(ii) plastic limit (PL) BS 1377: Part 2 - -
(iii) moisture content BS 1377: Part 2 OMC - 2% OMC + 2%
(iv) Moisture Condition Value (MCV) Clause 632 7 12
(v) Undrained shear strength of remoulded 
material Clause 633 App 6/1 App 6/1

(i)  grading BS 1377: Part 2 Tab 6/2 Tab 6/2
(ii) plastic limit (PL) BS 1377: Part 2 - -
(iii) moisture content BS 1377: Part 2 OMC - 2% OMC + 2%
(iv) Moisture Condition Value (MCV) Clause 632 7 12
(vi) Undrained shear strength of 
remoulded material Clause 633 App 6/1 App 6/1

(i)  grading BS 1377: Part 2 Tab 6/2 Tab 6/2
(ii) plastic limit (PL) BS 1377: Part 2 - -
(ii) moisture content BS 1377: Part 2 App 6/1 App 6/1
(iii) Moisture Condition Value (MCV) Clause 632 App 6/1 -
(v) undrained shear strength of remoulded 
material Clause 633 App 6/1 -

General 
Granular Fill

Well graded granular 
material

1 C

Any material or combination of materials.General Fill

Wet cohesive material

Dry cohesive material

Any material or combination of materials.

Any material or combination of materials.General Fill

Class

1

Compaction Requirements in 
Clause 612

Tab 6/4 Method 2

Tab 6/4 Method 3

Property (See Exceptions in Previous 
Column)

Tab 6/4 Method 5

Tab 6/4 Method 2

Tab 6/4 Method 1 except: for 
materials with liquid limit greater 
than 50, determined by BS 1377: 
Part 2, only tamping or grid 
rollers shall be used.

Permitted Constituents (All subject to 
requirements of Clause 601 and Appendix 

6/1) Defined and Tested
in Accordance with:

General Material 
Description Typical Use

Material Properties Required for Acceptability (In Addition to Requirements on Use of Fill Materials in 
Clause 601 and Testing in Clause 631)

A

General Fill

General FillUniformly graded 
granular material

Coarse granular 
material

 TABLE 6/1:  Acceptable Earthworks Materials : Classification and Compaction Requirements (See footnotes)

B1

A

Any material or combination of materials.

Any material or combination of materials.

Any material or combination of materials. Tab 6/4 Method 22 C Stony cohesive 
material General Fill

General 
Cohesive Fill

2 B

2 General Fill

Table 6.1 - Rev G Page 1 of 3 21/09/2010



N6 PPP Galway to Ballinasloe Atkins

Acceptable Limits
Lower Upper

(i)  grading BS 1377: Part 2 Tab 6/2 Tab 6/2
(ii) moisture content BS 1377: Part 2 App 6/1 App 6/1
(iii) Moisture Condition Value (MCV) Clause 632 App 6/1 App 6/1
(iv) undrained shear strength of remoulded 
material Clause 633 App 6/1 App 6/1

(i)  grading BS1377: Part 2 See Note 7 See Note 7
(ii) Moisture content BS 1377: Part 2 - -
(iii) Moisture Condition Value (MCV) Clause 632 5 18

5 A Topsoil, or turf existing 
on site Topsoiling Topsoil or turf designated as Class 5A in the 

Contract (i)  grading Clause 618 - Clause 618 -

5 B Imported Topsoil Topsoiling Material complying with BS 3882 - - - - -
5 C Imported turf Turfing Material complying with BS 3969 - - - - -

Class General Material 
Description

Material Properties Required for Acceptability (In Addition to Requirements on Use of Fill Materials in 
Clause 601 and Testing in Clause 631) Compaction Requirements in 

Clause 612Property (See Exceptions in Previous 
Column)

Defined and Tested
in Accordance with:

Any material or combination of materials.

Typical Use
Permitted Constituents (All subject to 

requirements of Clause 601 and Appendix 
6/1)

Tab 6/4 Method 3

See Clause 6204 Any material or combination of materials 
excluding peat, topsoil and organic soils

Topsoil

2 D

Fill to landscape 
areasVarious

Landscape 
Fill

General 
Cohesive Fill

Silty Cohesive Material General Fill

 TABLE 6/1:  Acceptable Earthworks Materials : Classification and Compaction Requirements (See footnotes)
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Footnotes to Table 6/1:

App = Appendix
Tab = Table

4 Where BS 1377: Part 2 is specified for mc, this shall mean BS 1377: Part 2 or BS 812: Part 3 as appropriate

5 Uniformity coefficient is defined as the ratio of the particle diameters D60 to D10  on the particle-size distribution curve, where:
D60 =particle diameter at which 60% of the soil by weight is finer
D10 =particle diameter at which 10% of the soil by weight is finer

6 Determination of moisture content shall be made from that part of the material passing the 20mm BS Sieve.
7

8

9

10

11

12

13

14

1
2

 TABLE 6/1:  Acceptable Earthworks Materials : Classification and Compaction Requirements (See footnotes)

Where note 12 is referred to in  Table 6/1 the moisture content shall  lie in the range necessary to achieve 95% of maximum dry density to BS1377 with the compactive effort specified on 
omc-dry density relationship as defined by BS1377 Part 4. 

Where in the Acceptable Limits column reference is made to App 6/1, only those properties having limits ascribed to them in Appendix 6/1 shall apply.  Where Appendix 6/1 gives limits for
other properties not listed in this Table such limits shall also apply.

Class 4, 4A and 4P materials shall be of such size that it can be deposited in horizontal layers each not exceeding 450mm loose depth. Isolation boulders may be incorporated provided 
that the specified compaction is achieved. Class 4B consists of cobbles and boulders.

Landscape fill Class 4P shall generally be in a condition that permits it to be transported, deposited, trafficked and shaped by earthworking plant and which will permanently maintain the 
required earthwork contours.  

For Class 2 Fill should testing indicate that the effective angle of friction and cohesion is lower than that specified the Designer shall be consulted who will undertake a detailed slope 
stability analysis to determine whether the material is acceptable and if any additional measures are required.

Subject to the tolerances given in Clause 616, Class 6F material used within 450mm of the designed final road surface shall not be frost susceptible as defined in the test method and 
procedure of the Transport and Road Research Laboratory Supplementary Report.
Where determination of the optimum moisture content of granular soils is required and the grading of the material places it in Zone ‘X’ as defined in BS1377 Part 4 Figure 1, then the omc 
shall be determined where > 35% of the material passes the  37.5mm BS sieve using a CBR mould.  The procedures for soils susceptible to crushing during compaction shall be applied 
to all relevant soils.

Where undrained shear strength is specified as the method of material classification and control, the Contractor may use a hand vane provided that it is initially calibrated against the 
unconsolidated undrained shear strength laboratory triaxial test to BS 1377: Part 7, clause 8 on 110mm nominal diameter samples, and the Moisture Condition Value (MCV) test in 
accordance with BS1377: Part 4. The Contractor shall submit details of his proposed hand vane calibration method to the Designer for acceptance prior to the start of earthworks.

For all fills where MCV and shear strength acceptability limits are provided the MCV compliance criteria shall be used to control the acceptability of the fill material unless agreed otherwise
with the Designer.
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1. This Specification has been prepared for the purpose of the Warrenhall enabling works. The 
earthworks shall be carried out in accordance with the current Highways Agency Specification for 
Highways Works. At the time of writing this specification some ground investigation works are 
being carried out. This specification may be amended after completion of the ground investigation. 

 
2. Drawing References 
 

There is no available evidence of any Class U1B or U2 material present at the site. 
 
3. Disposal Requirements 
 

Where contaminated materials are encountered, the materials to be disposed of, disposal 
methods and disposal sites to be used shall be agreed with the Local Authority and the 
Designer. 

 
4. Known Hazardous Materials 

 
There is no available evidence of contaminated materials being present at the site. 
Should any information become available during the site works that contaminated 
materials are present then the information should be provided to the Designer who may 
specify testing, carry out a risk assessment and determine the required action. 

 
5. Methods of Excavation, Precautions and Requirements for Handling. 

 
Records 
 
The Contractor shall maintain adequate records of the works which shall include, but not 
be limited to:  
 

• records to establish the volume of materials excavated,  
• location of the source of any re-useable stockpiled materials excavated from site 
• testing records relating to the re-used materials 
• location where stockpiled materials are re-used 
• where appropriate the classification of any waste generated  
• where appropriate the disposal methods undertaken. 

 
The Contractor shall provide instruction and training to the appropriate workers to enable 
them to identify visual evidence contamination. 

 
Testing 

 
The Designer will specify the testing to be undertaken by the Contractor. All 
contamination test results shall be submitted to the Designer initially for comment.   

 
Stockpiling / Movement of Materials 

 
The Contractor is responsible for the provision of all necessary waste management 
licences and permits for stockpiling and movement of waste on and off site. 
 
Requirements for stockpiling and movements of materials shall be agreed with the 
Designer. 
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6.  Special requirements for dealing with leachate and contaminated water. 
 

Should any leachate or contaminated water be encountered the Designer shall be 
informed who may specify testing, carry out a risk assessment and determine the 
required action.  
 

7. Requirements for special drainage and for sealing exposed surfaces of 
contaminated materials 

 
Not Used 

 
8. Test Methods to be used for Chemical Analysis 
 
 Not Used 
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1. This Specification has been prepared for the purpose of the Warrenhall enabling works. The 
earthworks shall be carried out in accordance with the current Highways Agency Specification for 
Highways Works. At the time of writing this specification some ground investigation works are 
being carried out. This specification may be amended after completion of the ground investigation. 

2. Drawing Numbers 
 

Earthworks requirements are shown on the scheme drawings. 
 

3. Blasting 
 
 No blasting is required as part of the proposed works. 
 
4. Cutting Faces 
 

(a) The extent of excavations remaining to be backfilled that undercut the toes of cuttings 
and embankments shall not exceed the limits shown on Drawing 5078488/PL/007. 

 
(b) The tops and bottoms of embankments and cuttings shall be rounded to minimum of 3 

metres radius over a length of 1.5 metres. 
  

(c) Temporary ditches shall be provided within 2.0m of the toe of all cuttings immediately 
upon completion of excavation to facilitate drainage of water.  Ditches shall be maintained 
until permanent drainage measures are constructed at the slope toe.   

 
 

5. Watercourses 
 
 There are no known watercourses that require modification or filling. 
 
6. Embankment Construction 
 

(a) Fills of more than 2 metres in height shall not at any stage of construction have side 
slopes steeper than those indicated for the final earthworks outline.  Side slopes of fills 
less than 2 metres height shall not exceed 1(v) to 1.5(h) at any stage. 

 
(b) Surcharging of embankments other than as specified in the Contract is not permitted. 

 
(c) Where erodable materials are deposited within 1 metre of the earthwork outline, slopes 

steeper than 10 degrees shall be covered as soon as possible with topsoil. 
 
(d) All embankments shall be overfilled by 300mm to provide a protective layer. This layer 

shall be Class 2 General fill and shall be placed and compacted in accordance with the 
specification. 

 
(e) Weather protection 

 
The Contractor’s particular attention is drawn to Clause 608 (Construction of Fills) of the 
Specification for Highway Works.  The works shall be protected against weather in accordance 
with the relevant sub-clauses. 
 
(f) Soft spots 
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All areas of embankment foundations shall be proof-rolled prior to fill placement.  The proof-rolling 
shall consist of at least one pass of a smooth-wheeled vibratory roller having a minimum mass 
per metre roll width of 2100 kg, or other suitable method agreed with the Designer. 
 
Soft spots shall be excavated and backfilled as agreed with the Designer. Soft spots in 
embankment foundations shall be defined as areas where the soil does not meet the minimum 
assumed shear strength requirements (assume Cu = 50kPa unless specified on the earthworks 
drawings). The extent of soft spots shall be determined by inspection during proof-rolling. Soft 
spot shall be identified by inspection and should be identifiable by the fact that the soil does not 
support the roller weight during proof-rolling without excessive deformation. Hand vane testing 
shall also be carried out if necessary. 
 
Records of the foundation inspections carried out, and any remedial measures necessary 
including the location and depth of any soft spots encountered, shall be made available to the 
Designer. 
 
Cohesive/granular fill interfaces 
 
Cohesive/granular fill interfaces shall be constructed such that drainage of the interface is towards 
the edge of the embankment.  The slope of the interface shall be such that any water drains to the 
outside of the embankment.  No pockets of granular material shall be formed within cohesive 
material. 
 
Landscape Fill 
 
Landscape fill used shall be as specified at Appendix 6/1 and shall be compacted in accordance 
with Clause 620. The Contractor shall ensure that adequate compaction shall be undertaken to 
ensure the stability of the fill slopes. It is anticipated that compaction will be undertaken using 
tracked dowsers although compaction plant (rollers) may be required for some areas. The 
Contractor shall determine the compaction required for each area of earthworks and will depend 
on the proposed fill height and slope angle, and the nature of the fill to be used. Compaction shall 
be undertaken in layers not exceeding 450mm loose depth.  

 
7. Compaction 
 

i. General: 
 

(a) Requirements of compaction shall comply with Clause 612. 

 
ii. Method Compaction: 
 

(a) Extra compaction in the top 600mm (below the protective layer) for Class 1 and 2 
fill over the full width of the embankments to Clause 612.10 is required. 

(b) The frequency of field dry density testing shall be as set out in Appendix 1/5. 
 
iii. End Product Compaction 
 

(a) Nuclear surface density gauge (NDG) calibrated for the materials on site may be 
used for measuring field dry density/moisture content in place of sand 
replacement tests (SRT).  The gauge shall be calibrated in accordance with BS 
1377: Part 9. 

8. Not used. 
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9. Benching 
 
 Where embankments are to be constructed on ground with a slope steeper than one (vertical) in 

five (horizontal), such slope being measured at right angles across the width of the embankment. 
 
ii. Fill material in areas of benching shall be carefully placed and compacted to ensure that no 

voids occur at the upright steps of the benching. 
 
iii. Placing and compaction of the fill material shall continue to a level above an adjacent bench 

before material is placed upon that bench. 
 
iv. Four additional passes of the roller shall be made on the area within two metres each side of 

the upright face immediately following the compaction of the first layer of fill material on each 
bench. 

 
v. Details for benching shall be agreed with the Designer. 

 
 

10. Not Used 
 
11. Not required at this stage. 
 
12 to 15. Not Used 
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