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EXECUTIVE SUMMARY 

 
 This report documents a seismic cross-hole tomography survey carried out at Sloy Pumping 

Station, Inveruglas.  

 The brief was to provide seismic P wave velocity data of ground materials between a five 

boreholes to provide an indication of rippability and isotropy of the rock.   

 To achieve this objective a seismic tomographic cross-hole approach was carried out. 

 The survey was carried out between 8th-10th March 2010 using a Geometric Geode recording 

system, a Geotomographie Sparker seismic source and a 24 channel Geospace  hydrophone 

string. 

 Sensitivity analyses were carried out to assess the affect of typical first arrival recognition. It 

was established that such errors could lead to a velocity error of ~ 2%.  It was concluded that, 

data were satisfactory for both direct and tomographic analyses.   

 It was established that a relatively low velocity (<4500 m/s) layer was present across the area 

of investigation generally above an elevation of 5m.  Local increases in thickness (up to 9m) 

of this layer were identified.  This layer was interpreted as being related to upper superficial 

deposits and/or a variable, weathered or fractured upper bedrock surface. 

 Below an elevation of ~5 m velocities were predominantly in excess of 5000 m/s  

 Notable areas of relatively lower velocity (~4850-5150 m/s; equivalent to up to ~10% 

reduction) were noted on section BH6-BH12, BH6-BH12, BH2-BH3 and BH2-BH12. 

 The data indicated a general increase in seismic velocity was apparent towards the north 

eastern part of the investigation area.   

 Below about 5 m elevation the analyses indicate velocities in excess of 4000 m/s Reference 

to standard rippability charts (Appendix D) would indicate that velocities of this magnitude, in 

metamorphic rock can be classified as non-rippable.  
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1. INTRODUCTION 

1.1 General 

1.1.1 This report documents a geophysical investigation that comprised of a shallow 

seismic cross-hole tomography survey.  The work was carried out between five 

boreholes (BH2, BH3, BH4, BH6 & BH12) drilled to a maximum depth of ~35 m.   

1.2 The Brief 

1.2.1 The brief was to establish the in-situ seismic signal propagation/attenuation 

characteristics for two source types over a range of travel paths in order to assess 

the feasibility of the technique for deep investigation of potential collapsed zones.  

1.3 Terms of Reference 

1.3.1 This investigation was conducted by Fugro Aperio Limited on behalf of Fugro 

Engineering Services Limited for Scottish & Southern Energy and is based on 

seismic data collected on site between 8th and 10th March 2010.    

1.3.2 The findings presented within this report are the result of the measurement and 

interpretation of acoustic signals.  As such any results derived from the geophysical 

investigation should be taken in the context of and in reference to the complete 

ground investigation. 

1.3.3 Additionally with specific reference to seismic data and respective derived 

parameters, the following constraints apply.  Seismic velocities are derived from 

calculations resulting from the identification of appropriate seismic waveforms and 

their time of travel along a source-receiver path from source to receiver.  The shape 

and phase characteristics of a received compressional waveforms and associated 

arrival time selection may be influenced by frequency-selective attenuation, 

dispersion, reflection, refraction, scattering, mode conversion processes and source 

and receiver coupling effects dependent on variations in ground conditions along the 

corresponding source-receiver travel path.  In the derivation of velocities or 

associated properties apparent variations arising from both the relative and absolute 

influence of these processes along a particular source-receiver path may not be 

known or be calculable. 
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1.3.4 This draft report supersedes any previous reports, whether written or oral. 

1.4 Service Constraints 

1.4.1 Appendix A (Service Constraints) outlines the limitations of this report in terms of a 

range of considerations including, but not limited to, its purpose, its scope, the data 

on which it is based, its use by Third Parties, possible future changes in design 

procedures and possible changes in the conditions at the site with time.  Appendix A 

represents a clear exposition of the constraints, which apply to all reports issued by 

Fugro Aperio Limited.  It should be noted that the Service Constraints do not in any 

way supersede the terms and conditions of the contract between Fugro Aperio 

Limited or Fugro Engineering Services Limited and the Client. 
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3. DATA ACQUISITION 

3.1 General 

3.1.1 The seismic cross-hole survey was carried out between 8th and 10th March 2010 

Specifications for the equipment are provided in Appendix C.  

3.2 Cross-hole tomography 

3.2.1 For seismic techniques in general, stress applied at the surface of an elastic media 

creates the conditions for the associated strains to propagate as compressive elastic 

waves in the subsurface material as a pattern of particle deformation travelling with 

velocities that are dependent on the elastic properties and densities of the media 

through which they travel. 

3.2.2 P-wave tomography involves initiating elastic waves at a known point, within a 

borehole, and determining at a number of other known positions the arrival times of 

the seismic energy that has refracted, reflected or directly travelled through 

subsurface material back to the surface from discontinuities or interfaces between 

subsurface layers. 

3.2.3 The objective of the P-wave tomography survey was, primarily, to establish P wave 

seismic velocities of rock material to provide an indication of rippability and isotropy 

of the rock.    

3.2.4 In practice this was performed by measuring, between two source and receiver 

locations, the in-situ primary (compression) P wave velocities.  

3.2.5 Field testing was performed by measuring the P wave at a number of source-

receiver configurations.   

3.2.6 A typical cross-hole seismic spread used for tomography is presented on Drawing 

No. 3525-02.   
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3.3 Survey Rationale & Methodology 

3.3.1 The purpose of the trial was to ascertain seismic P wave velocity characteristics of 

the rock mass material at the Sloy site.   

3.3.2 The location of the boreholes was specified by the Client to provide coverage within 

the area proposed for excavation of a shaft associated with proposed pumping 

station infrastructure.  

3.3.3 Seismic energy was created in each source borehole by deployment of a borehole 

sparker system.  

3.3.4 The compression wave energy generated by the borehole source was transmitted 

through the ground material and detected by a series of hydrophones placed in the 

receiver borehole.  The seismic data was recorded using a seismograph and saved 

in industry standard SEG-2 format for office based processing. 

3.3.5 For each borehole pair, shots were carried out at 1 m increments along the full 

length of the borehole (excluding the top 2-3 m due to steel casing/groundwater 

levels) for hydrophone positions at depths of 1 m to 24 m.  The shooting process 

was repeated with hydrophone positions at 11 m to 35 m to ensure full coverage for 

the full length of the boreholes (3 - 35 m).  

3.3.6 Acquisition parameters were established on site based upon an initial assessment of 

approximate velocities and ambient site noise.  The following were applied: 

Record length   100 ms  
Pre trigger   10 ms 
Sample interval  20.833 µs 
Acquisition filters  None 
Stacks    Multiple (typically 3 to 10) 
    

3.3.7 Where necessary individual shots were stacked to improve signal-noise ratio. 

3.4 Borehole verticality 

3.4.1 In order to analyse cross-hole seismic data and determine velocities it was 

necessary to obtain 3D coordinates for all source and receiver locations.  Since 

these positions are located within the borehole at depth it was necessary to measure 

the verticality (or deviation away from the vertical) of each drilled hole.  This 
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information was measured through use of a verticality tool used primarily for wireline 

logging.  All source and receiver boreholes were logged by Fugro Engineering 

Services Limited during the course of the geophysical survey.   

3.4.2 Coordinates for each source and receiver location were calculated by applying the 

measured deviation to the respective surface coordinates. 
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4. PROCESSING 

4.1 General 

4.1.1 All seismic data were recorded as digital SEG-2 format shot records to enable office 

based processing to be carried out.  Basic trace operations were applied, including 

bandpass filtering, to improve signal-noise ration for each shot record prior to time 

break analysis and full inversion.  

4.2 Shot records 

4.2.1 Individual shot records from each borehole pair acquired with both source types 

were analysed and compared to provide an assessment of signal propagation 

characteristics.   

4.2.2 It was found that for all borehole pairs of ~30 m, signal propagation from the sparker 

source was generally sufficient to enable first arrival recognition.   

4.2.3 An example shot record is provided below on Figure 1 taken from the BH4-BH6 

(largest inter borehole spacing).  For the purposes of clarity and comparison a single 

source-receiver trace has been isolated. 

4.2.4 Inspection of the trace would indicate an arrival time for first break P-wave energy of 

approximately 4.39 ms, equating to a seismic velocity of ~5050 m/s. 

4.2.5 Analysis of the incident sparker energy would indicate a dominant frequency of 

~1350 Hz.   

 
Figure 1 – BH4-BH6 : Sparker Source, Test Depth 21 m, Inter borehole spacing 
~22.25 m (Lo-cut (100 Hz) and high cut (4000 Hz) applied) 
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4.3 Time zero determination 

4.3.1 Accurate determination of time zero is essential in order that reliable velocity 

measurements and variations may be determined from a seismic data set.  The time 

zero for the sparker system was determined during acquisition by a trigger impulse 

generated by the control unit at the moment of firing. 

4.3.2 To assess any potential time zero errors or ‘trigger jitter’ a series of three single 

repeat shots were carried out at a fixed depth.  The resulting waveforms for the 

consecutive shot records are provided overleaf on Figure 2.  Assuming no trigger 

jitter the waveforms should theoretically be identical with arrival of incident P wave 

energy identifiable at a consistent time. 

 

Figure 2 – BH12-BH6 : Repeat sparker source shot records, Test Depth 33 m, Inter 
borehole spacing ~19.60m (Lo-cut (100 Hz) and high cut (3000 Hz) applied) 
 

Stack 1 

Stack 2 

Stack 3 

Peak incident P 
wave arrival 
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4.5 Direct Velocities 

4.5.1 A basic velocity analysis of the tomographic dataset was carried out to establish 

direct raypath velocity profiles as a function depth.  Velocities were calculated for 

source-receiver raypaths at equal depths below ground level for each dataset.  

Direct raypath velocity profiles for each borehole set are presented on in Appendix B 

(Figures B1-B8 respectively).  A composite profile showing all direct velocities is 

provided in Appendix B, Figure B9. 

4.5.2 A basic analysis of the profiles indicated a range of P-wave velocities between 

~4500 and 5800 m/s, generally increasing with depth.  Below about 5 m elevation 

the majority of direct velocity values were between 5150 m/s and 5600 m/s.  It is 

considered that the lower velocities above 5 m elevation are likely to be attributed to 

a weathered upper bedrock surface. 

4.5.3 All datasets showed relatively consistent velocity distributions as a function of depth.  

The dataset for BH2-BH6 showed relatively lower P wave velocities (5000-5200 m/s) 

between -10 m and -21 m elevation.  This equated to a reduction in velocity of 

~ 7.5% in comparison to the other datasets. 

4.6 Tomographic analysis 

4.6.1 Further tomographic analysis of each dataset was carried out using Divine v4.70 

Mk3.   

4.6.2 Raypath modelling using a 3D wavefield propagation algorithm to determine least 

time raypaths for specific source-receiver geometries was performed. 

4.6.3 Traveltime inversion using a SIRT (simultaneous iterative reconstruction technique) 

algorithm was then applied to attempt to reconstruct the starting velocity model. 

4.6.4 The results of each tomographic analysis are provided in Drawing 3525-03.  

Tomographic data were combined into a 3-D volume to enable 3-D representation.  

The results are provided at 4 different projections (NW, NE, SE, SW) on Drawing 

3525-04. 

4.6.5 Tomography panels have been relocated and presented to provide a continuous 

cross-section for BH6-BH12- B3 and for BH2-BH12-BH4.  Similarly tomographic 
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panels have been relocated and presented to provide a continuous cross-section 

around the perimeter boreholes (i.e. BH6- BH2- BH3- BH4- BH6).  Note that the 

individual perimeter sections were acquired in different planes as a function of the 

borehole layout. 

4.6.6 The tomographic analyses for datasets show a generally consistent velocity 

distribution to that described by the basic direct velocity analyses (section 4.5).  In 

general velocities were in the range 2500 m/s to 5750 m/s and generally increased 

as a function of depth. 

4.6.7 The majority of the low velocity (<4750 m/s) velocities were noted in a laterally 

continuous upper layer.  The thickness of this upper layer was noted to vary 

between ~ 2m and ~9 m with notable increases in thickness apparent on 

tomographic panels BH6 to BH2, BH12 to B3 and BH2 to BH12.  It is considered 

that this relatively low velocity layer may relate to upper superficial deposits and/or a 

variable, weathered or fractured upper bedrock surface. 

4.6.8 Typically, below an elevation of ~5 m, the tomographic sections show velocity in 

excess of 5000 m/s (predominantly 5000-5500 m/s).  Notable areas of relatively 

lower velocity (~4850-5150 m/s; equivalent to up to ~10% reduction) were noted on 

section BH6-BH12.  This observation was consistent with the relatively lower 

velocities identified from the basic direct velocity analysis for this dataset. 

4.6.9 Additional, similar low velocity regions were identified on sections BH6-BH12, BH2-

BH3 and BH2-BH12. 

4.6.10 In general, relatively higher velocities (>5250 m/s) were noted on sections BH4-BH6, 

BH12-BH4 and BH3-BH4. 
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5. CONCLUSIONS 

5.1 General 

5.1.1 Cross-hole seismic data were acquired between five boreholes (BH2, BH3, BH4, 

BH6 and BH12) within an area adjacent to the existing Sloy power  

5.2 Data Quality 

5.2.1 Data quality was monitored on site and shot records were appropriately stacked to 

improve signal-noise ratios.  Analysis of the shot records indicated good signal-noise 

interborehole spacing of up to ~23 m sufficient to allow visual recognition of first 

arrivals.  Data quality was sufficient to enable basic direct and tomographic analyses 

to be undertaken. 

5.3 First arrival recognition 

5.3.1 Basic analysis of the shot records indicated a higher than expected velocity for 

bedrock material (~5000 m/s).  The commensurate reduction in absolute transit time 

necessitated a critical analysis of the potential errors associated with recognition of 

first arrival events. 

5.3.2 The trial data sets acquired with the sparker tool would indicate that first arrivals may 

be confidently identified within error bounds of approximately +/- 0.075 ms over a 

source-receiver separation of ~ 23 m.  Based upon an average material velocity of 

5000 m/s, first arrival recognition errors may have contributed to final velocity errors 

of approximately +/- 2%.  

5.4 Velocity analysis of trial data 

5.4.1 Basic direct raypath velocity analysis was carried out on all datasets (Appendix B).  

Consistent seismic velocities were identified in all datasets in the range between 

5150 m/s and 5600 m/s below about 5 m elevation. Velocity values were generally 

noted to increase a function of depth.  A relative decrease in seismic velocity of 

~7.5% was noted below -10 m and -21 m elevation in dataset BH6-BH2 . 
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5.4.2 Tomographic analysis of each dataset was carried out and section presented 

accordingly (Drawing 3525-03).  The tomographic panels were generally consistent 

with the velocities derived from the basic direct raypath analysis. 

5.4.3 Tomographic data were combined into a 3-D volume to enable 3-D representation.  

The results are provided at 4 different projections (NW, NE, SE, SW) on Drawing 

3525-04. 

5.4.4 The majority of the low velocity (<4750 m/s) velocities were noted in a laterally 

continuous upper layer.  The thickness of this upper layer was noted to vary 

between ~ 2m and ~9 m with notable increases in thickness apparent on 

tomographic panels BH6 to BH2, BH12 to B3 and BH2 to BH12.  It is considered 

that this relatively low velocity layer may relate to upper superficial deposits and/or a 

variable, weathered or fractured upper bedrock surface. 

5.4.5 Typically, below an elevation of ~5 m, the tomographic sections show velocity in 

excess of 5000 m/s (predominantly 5000-5500 m/s).  Notable areas of relatively 

lower velocity (~4850-5150 m/s; equivalent to up to ~10% reduction) were noted on 

section BH6-BH12.  This observation was consistent with the relatively lower 

velocities identified from the basic direct velocity analysis for this dataset. 

5.4.6 Additional, similar low velocity regions were identified on sections BH6-BH12, BH2-

BH3 and BH2-BH12. 

5.4.7 In general, relatively higher velocities (>5250 m/s) were noted on sections BH4-BH6, 

BH12-BH4 and BH3-BH4. 

5.4.8 It can be concluded from these analyses that a general increase in seismic velocity 

was apparent towards the north eastern part of the investigation area (i.e. away from 

the existing infrastructure).  This conclusion is consistent with the suspected 

increase in fracturing due to blast damage for the area adjacent to the existing 

power station (between BH2, BH3 and BH6). 

5.4.9 Below about 5 m elevation the analyses indicate velocities in excess of 4000 m/s 

Reference to standard rippability charts (Appendix D) would indicate that velocities 

of this magnitude, in metamorphic rock can be classified as non-rippable. In 

summary, both the basic direct raypath and tomographic analyses indicated seismic 

velocities in the range 4400-5500 m/s.  In generally the lower velocities were 
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identified within the near surface (<10-15 m) rock material and are thought to be 

related to near surface weathering. 

5.4.10 It must be emphasised that geophysical methods can only identify areas yielding 

results that are different, i.e. anomalous to the site norm. The interpretation of the 

cause of such anomalies is inevitably based on assumptions utilising the best 

information available on the nature of the site.  Positive identification of these 

anomalies can only be made by visual or physical sampling methods. 
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Service Constraints  
 

1. This report and the assessment carried out in connection with the report (together the “Services”) 
were compiled and carried out by Fugro Aperio Limited on behalf of Fugro Engineering Services for  
Scottish & Southern Energy (the “Client”) in accordance with the terms of a contract between Fugro 
Aperio Limited and the Client.  The Services were performed by Fugro Aperio Limited with the skill 
and care ordinarily exercised by a reasonable specialist at the time the Services were performed.  
Further, and in particular, the Services were performed by Fugro Aperio Limited taking into account 
the limits of the scope of works required by the Client, the time scale involved and the resources, 
including financial and manpower resources, agreed between Fugro Aperio Limited and the Client. 

 
2. Other than that expressly contained in paragraph 1 above, Fugro Aperio Limited provides no other 

representation or warranty whether express or implied, in relation to the Services. 
 

3. The Services were performed by Fugro Aperio Limited exclusively for the purposes of the Client.  
Fugro Aperio Limited is not aware of any interest of or reliance by any party other than the Client in 
or on the Services.  Unless expressly provided in writing, Fugro Aperio Limited does not authorise, 
consent or condone any party other than the Client relying upon the Services.  Should this report or 
any part of this report, or otherwise details of the Services or any part of the Services be made 
known to any such party, and such party relies thereon that party does so wholly at its own and 
sole risk and Fugro Aperio Limited disclaims any liability to such party.  Any such party would be 
advised to seek independent advice from a competent specialist and / or lawyer. 

 
4. It is Fugro Aperio Limited’s understanding that this report is to be used for the purpose described in 

Section 2 - “Introduction” of this report.  That purpose was a significant factor in determining the 
scope and level of the Services.  Should the purpose for which the report is used, and/or should the 
Client’s proposed development or use of the site change (including in particular any change in any 
design and/or specification relating to the proposed use or development of the site), this report may 
no longer be valid or appropriate and any further use of or reliance upon the report in those 
circumstances by the Client without Fugro Aperio Limited’s review and advice shall be at the 
Client’s sole and own risk.  Should Fugro Aperio Limited be requested, and Fugro Aperio Limited 
agree, to review the report after the date hereof, Fugro Aperio Limited shall be entitled to additional 
payment at the then existing rates or such other terms as may be agreed between Fugro Aperio 
Limited and the Client. 

 
5. The passage of time may result in changes (whether man-made or otherwise) in site conditions and 

changes in regulatory or other legal provisions, technology, methods of analysis, or economic 
conditions which could render the report inaccurate or unreliable.  The information, 
recommendations and conclusions contained in this report should not be relied upon if any such 
changes have taken place or after a period of 2 years from the date of this report or such other 
period as maybe expressly stated in the report, without the written agreement of Fugro Aperio 
Limited.  In the absence of such written agreement of Fugro Aperio Limited, reliance on the report 
after any such changes have occurred or after the period of 2 years has expired shall be at the 
Client’s own and sole risk.  Should Fugro Aperio Limited agree to review the report after the period 
of 2 years has expired, Fugro Aperio Limited shall be entitled to additional payment at the then 
existing rates or such other terms as may be agreed between Fugro Aperio Limited and the Client. 

 
6. The observations, recommendations and conclusions in this report are based solely upon the 

Services, which were provided pursuant to the contract between the Client and Fugro Aperio 
Limited.  Fugro Aperio Limited has not performed any observations, investigations, studies or 
testing not specifically set out or required by the contract between the Client and Fugro Aperio 
Limited.  Fugro Aperio Limited is not liable for the existence of any condition, the discovery of which 
would require performance of services not otherwise contained in the Services. 

 
7. Where the Services have involved Fugro Aperio Limited’s interpretation and/or other use of any 

information (including documentation or materials, analysis, recommendations and conclusions) 
provided by third parties (including independent testing and/or information services or laboratories) 
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or the Client and upon which Fugro Aperio Limited was reasonably entitled to rely or involved Fugro 
Aperio Limited’s observations of existing physical conditions of any site involved in the Services, 
then the Services clearly are limited by the accuracy of such information and the observations 
which were reasonably possible of the said site.  Unless otherwise stated, Fugro Aperio Limited 
was not authorised and did not attempt to independently verify the accuracy or completeness of 
such information, received from the Client or third parties during the performance of the Services.  
Fugro Aperio Limited is not liable for any inaccuracies (including any incompleteness) in the said 
information, the discovery of which inaccuracies required the doing of any act including the 
gathering of any information which it was not reasonably possible for Fugro Aperio Limited to do 
including the doing of any independent investigation of the information provided to Fugro Aperio 
Limited save as otherwise provided in the terms of the contract between the Client and Fugro 
Aperio Limited. 

 
 



SCOTTISH & SOUTHERN ENERGY 
SLOY PUMPING STATION – CROSS-HOLE TOMOGRAPHY SURVEY 
 

 

Project No. 3525 Appendix B Fugro Aperio Limited  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

APPENDIX B 

DIRECT VELOCITY PROFILES 
 



SCOTTISH SOUTHERN ENERGY
SLOY PUMPING STATION - CROSS-HOLE TOMOGRAPHY SURVEY

Project No: J3525 Appendix B Figure B1

Direct P-wave Velocity - BH2-BH3
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Direct P-wave Velocity - BH2-BH6
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Direct P-wave Velocity - BH4-BH3
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Direct P-wave Velocity - BH4-BH6
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Direct P-wave Velocity - BH12-BH2
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Direct P-wave Velocity - BH12-BH3
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Direct P-wave Velocity - BH12-BH4
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Direct P-wave Velocity - BH12-BH6
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D9R CATERPILLAR RIPPABILITY CHART 
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GENERAL NOTES ON LABORATORY TEST RESULTS 
 

1. TEST METHODS 

The tests reported on the following sheets have been carried out in accordance with the methods 
given in BS 1377:1990 ‘Methods of test for soils for civil engineering purposes', subject to a small 
number of variances as described below under the respective headings.  These notes also serve 
as keysheets to any notation used in reporting the laboratory tests. 

2. KEY TO NOTATION OF SAMPLE TYPE 

D Small disturbed sample 

B Bulk disturbed sample 

U General purpose open drive tube sample 

P Piston sample 

TW Thin wall sample 

C Rotary core sample 

3. CLASSIFICATION TESTS 

% passing 425μm: this figure is only correctly reported when ‘WS’ is shown in the 'Method of 
preparation' column.  For ‘HP’ and ‘AR’, the reported figure is an estimate only. 

WS sample prepared by Wet Sieving 

HP sample prepared by Hand Picking (removal) of gravel sized fragments 

AR sample tested "As Received" 

NP: non-plastic 

4. COMPACTION RELATED TESTS 

Sample preparation: Individual indicates test carried out on individual sub-samples 

 Single indicates test carried out on a single sample 

Assumed values of particle density are reported in brackets e.g. (2.67) 

5. SAMPLE DESCRIPTIONS 

The sample descriptions shown on the test report sheets are the technician’s visual descriptions of 
the test samples, in accordance with Clause 9.1 of Part 1 of BS 1377:1990 and do not necessarily 
comply with the requirements of BS 5930:1999 or BS EN ISO 14688-1:2002.  For a more 
comprehensive description of the soil samples to these standards, reference should be made to the 
exploratory hole records, or an engineering description can be provided on request. 

6. INTERPRETATION OF TEST RESULTS  

Laboratory test results in this report give the soil properties of individual specimens tested under 
specified conditions.  Individual results or groups of results may not be appropriate for use as 
design parameters for some geotechnical analyses.  The samples may be non-representative, 
disturbed internally, or prepared and tested under conditions suited for different geotechnical 
applications.  Unless the selection of design parameters is discussed in this report, it is 
recommended that the advice of an appropriately qualified and experienced specialist is sought. 

7. U100 DRIVEN OPEN TUBE SAMPLES 

It should be noted that the sampling method generally gives Class 2 samples, ie for use for 
laboratory classification, moisture content and density testing.  BS5930 states that the U100 
sampling procedure may sometimes give Class 1 samples (strength, deformation and consolidation 
testing as well as Class 2 type testing) in non sensitive fine cohesive soils of stiff or lower 
consistency, but more often provides Class 2 samples.  In brittle or closely fissured materials such 
as hard clays, the sampling method gives Class 3 samples, ie for use for laboratory classification 
and moisture content testing. 
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