
 

 

 
 
 
 

Appendix C

Geotechnical Laboratory Test Results 

 



Douglas Partners Pty Ltd 15 Callistemon Close
ABN 75 053 980 117 Warabrook NSW 2304

Box 324 Phone (02) 4960 9600
Hunter Region Mail Centre NSW 2310 Fax: (02) 4960 9601
Australia newcastle@douglaspartners.com.au

Client : Queensland Rail  Project No. :
 Report No. :

Project : Preliminary Geotechnical Investigation  Report Date :
 Date Sampled :

Location : Woodlands Close, Hexham  Date of Test:
Test Location : TP 36
Depth / Layer : 0.1-1.0m  Page:

Description: Sandy CLAY - Dark brown

Test Method(s): AS 1289.6.1.1-1998, AS 1289.2.1.1-2005

Sampling Method(s): AS 1289.1.2.1-1998, AS 1289.1.1-2001 Percentage > 19mm:  0.0%

LEVEL OF COMPACTION:  100% of STD MDD SURCHARGE:  4.5 kg SWELL:  2.0%
MOISTURE RATIO:  100% of STD OMC SOAKING PERIOD:  4 days

 At compaction 25.4
 After soaking 27.7
 After test 32.6

Remainder of sample 26.8
 Field values 28.5
 Standard Compaction 25.5

Approved Signatory:

 Tested: Dave Millard
 Checked: Laboratory Manager

6/08/2007

-

1 of 1

RESULTS

PENETRATION
CBR
(%)

TOP

8/09/2007

TYPE

2.5 mm

1.49

1.50

1.46
-
-

5.0 mm

2.0

2.0

 RESULT OF CALIFORNIA BEARING RATIO TEST     
39798
N07-179g
12/09/2007
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Top 30mm of sample

This Document is issued in accordance with NATA’s      
accreditation requirements. 
Accredited for compliance with ISO/IEC 17025

NATA Accredited Laboratory Number:  828



Douglas Partners Pty Ltd 15 Callistemon Close
ABN 75 053 980 117 Warabrook NSW 2304

Box 324 Phone (02) 4960 9600
Hunter Region Mail Centre NSW 2310 Fax: (02) 4960 9601
Australia newcastle@douglaspartners.com.au

Client :  Project No. :
 Report No. :

Project :  Report Date :

Location :  Date of Test:
 Page: 1 of 1

Sample Details Particles > 19mm:

Description: Maximum Dry Density:

Optimum Moisture Content: %

Remarks:

Test Methods: AS 1289.5.1.1-2003 (STD), AS 1289.2.1.1-2005

Sampling Methods: AS 1289.1.1.1-1998, AS1289.1.2.1-2001

Approved Signatory:

 Tested: Dave Millard
 Checked: Laboratory Manager

0%TP 36

0.1-1.0m

1.50

25.5

Sandy CLAY - Dark brown t/m3

 RESULTS OF COMPACTION TEST     

Queensland Rail

Preliminary Geotechnical Investigation

Woodlands Close, Hexham

39798
N07-179f
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This Document is issued in accordance with NATA’s      
accreditation requirements. 
Accredited for compliance with ISO/IEC 17025

NATA Accredited Laboratory Number:  828



Douglas Partners Pty Ltd 15 Callistemon Close
ABN 75 053 980 117 Warabrook NSW 2304

Box 324 Phone (02) 4960 9600
Hunter Region Mail Centre NSW 2310 Fax: (02) 4960 9601
Australia newcastle@douglaspartners.com.au

Client : Queensland Rail  Project No. :
 Report No. :

Project : Preliminary Geotechnical Investigation  Report Date :
 Date Sampled :

Location : Woodlands Close, Hexham  Date of Test:
Test Location : TP 34
Depth / Layer : 0.7-1.0m  Page:

Description: Silty CLAY - Dark grey/brown

Test Method(s): AS 1289.6.1.1-1998, AS 1289.2.1.1-2005

Sampling Method(s): AS 1289.1.2.1-1998, AS 1289.1.1-2001 Percentage > 19mm:  0.0%

LEVEL OF COMPACTION:  100% of STD MDD SURCHARGE:  4.5 kg SWELL:  4.0%
MOISTURE RATIO:  99% of STD OMC SOAKING PERIOD:  4 days

 At compaction 34.2
 After soaking 39.5
 After test 48.4

Remainder of sample 35.1
 Field values 51.4
 Standard Compaction 34.5

Approved Signatory:

 Tested: Dave Millard
 Checked: Laboratory Manager

6/08/2007

-

1 of 1

RESULTS

PENETRATION
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TYPE
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1.27
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 RESULT OF CALIFORNIA BEARING RATIO TEST     
39798
N07-179e
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This Document is issued in accordance with NATA’s      
accreditation requirements. 
Accredited for compliance with ISO/IEC 17025

NATA Accredited Laboratory Number:  828



Douglas Partners Pty Ltd 15 Callistemon Close
ABN 75 053 980 117 Warabrook NSW 2304

Box 324 Phone (02) 4960 9600
Hunter Region Mail Centre NSW 2310 Fax: (02) 4960 9601
Australia newcastle@douglaspartners.com.au

Client :  Project No. :
 Report No. :

Project :  Report Date :

Location :  Date of Test:
 Page: 1 of 1

Sample Details Particles > 19mm:

Description: Maximum Dry Density:

Optimum Moisture Content: %

Remarks:

Test Methods: AS 1289.5.1.1-2003 (STD), AS 1289.2.1.1-2005

Sampling Methods: AS 1289.1.1.1-1998, AS1289.1.2.1-2001

Approved Signatory:

 Tested: Dave Millard
 Checked: Laboratory Manager

0%TP 34

0.7-1.0m

1.32

34.5

Silty CLAY - Dark grey/brown t/m3

 RESULTS OF COMPACTION TEST     

Queensland Rail

Preliminary Geotechnical Investigation

Woodlands Close, Hexham

39798
N07-179d
12/09/2007

28/08/2007

Fo
rm

 R
01

6 
R

ev
 6

 J
ul

y 
20

06
   

   
   

©
 2

00
6 

 D
ou

gl
as

 P
ar

tn
er

s 
P

ty
 L

td

BB

DM

0% Air Voids

1.270

1.280

1.290

1.300

1.310

1.320

1.330

30 31 32 33 34 35 36 37 38 39 40 41

Moisture Content (%)

D
ry

 D
en

si
ty

 (t
/m

3 )

Location:

Depth:

This Document is issued in accordance with NATA’s      
accreditation requirements. 
Accredited for compliance with ISO/IEC 17025

NATA Accredited Laboratory Number:  828



Douglas Partners Pty Ltd 15 Callistemon Close
ABN 75 053 980 117 Warabrook NSW 2304

Box 324 Phone (02) 4960 9600
Hunter Region Mail Centre NSW 2310 Fax: (02) 4960 9601
Australia newcastle@douglaspartners.com.au

Client : Queensland Rail  Project No. :
 Report No. :

Project : Preliminary Geotechnical Investigation  Report Date :
 Date Sampled :

Location : Woodlands Close, Hexham  Date of Test:
Test Location : TP 27
Depth / Layer : 1.0-1.5m  Page:

Description: Gravelly CLAY - Dark grey (Coal Chitter)

Test Method(s): AS 1289.6.1.1-1998, AS 1289.2.1.1-2005

Sampling Method(s): AS 1289.1.2.1-1998, AS 1289.1.1-2001 Percentage > 19mm:  0.0%

LEVEL OF COMPACTION:  100% of STD MDD SURCHARGE:  4.5 kg SWELL:  -0.1%
MOISTURE RATIO:  99% of STD OMC SOAKING PERIOD:  4 days

 At compaction 14.8
 After soaking 16.1
 After test 17.9

Remainder of sample 15.1
 Field values 20.7
 Standard Compaction 15.0

Approved Signatory:

 Tested: Dave Millard
 Checked: Laboratory Manager

6/08/2007

-

1 of 1

RESULTS
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This Document is issued in accordance with NATA’s      
accreditation requirements. 
Accredited for compliance with ISO/IEC 17025

NATA Accredited Laboratory Number:  828



Douglas Partners Pty Ltd 15 Callistemon Close
ABN 75 053 980 117 Warabrook NSW 2304

Box 324 Phone (02) 4960 9600
Hunter Region Mail Centre NSW 2310 Fax: (02) 4960 9601
Australia newcastle@douglaspartners.com.au

Client :  Project No. :
 Report No. :

Project :  Report Date :

Location :  Date of Test:
 Page: 1 of 1

Sample Details Particles > 19mm:

Description: Maximum Dry Density:

Optimum Moisture Content: %

Remarks:

Test Methods: AS 1289.5.1.1-2003 (STD), AS 1289.2.1.1-2005

Sampling Methods: AS 1289.1.1.1-1998, AS1289.1.2.1-2001

Approved Signatory:

 Tested: Dave Millard
 Checked: Laboratory Manager
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(Coal Chitter)
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 RESULTS OF COMPACTION TEST     

Queensland Rail

Preliminary Geotechnical Investigation

Woodlands Close, Hexham
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This Document is issued in accordance with NATA’s      
accreditation requirements. 
Accredited for compliance with ISO/IEC 17025

NATA Accredited Laboratory Number:  828



Douglas Partners Pty Ltd 15 Callistemon Close
ABN 75 053 980 117 Warabrook NSW 2304

Box 324 Phone (02) 4960 9600
Hunter Region Mail Centre NSW 2310 Fax: (02) 4960 9601
Australia newcastle@douglaspartners.com.au

Client : Queensland Rail  Project No. :
 Report No. :

Project : Preliminary Geotechnical Investigation  Report Date :
 Date Sampled :

Location : Woodlands Close, Hexham  Date of Test:
Test Location : TP 18
Depth / Layer : 0.0-1.0m  Page:

Description: Coal Rejects

Test Method(s): AS 1289.6.1.1-1998, AS 1289.2.1.1-2005

Sampling Method(s): AS 1289.1.2.1-1998, AS 1289.1.1-2001 Percentage > 19mm:  0.0%

LEVEL OF COMPACTION:  100% of STD MDD SURCHARGE:  4.5 kg SWELL:  -0.1%
MOISTURE RATIO:  99% of STD OMC SOAKING PERIOD:  4 days

 At compaction 13.4
 After soaking 14.8
 After test 16.3

Remainder of sample 14.6
 Field values 11.7
 Standard Compaction 13.5

Approved Signatory:

 Tested: Dave Millard
 Checked: Laboratory Manager
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-

1 of 1
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This Document is issued in accordance with NATA’s      
accreditation requirements. 
Accredited for compliance with ISO/IEC 17025

NATA Accredited Laboratory Number:  828



Douglas Partners Pty Ltd 15 Callistemon Close
ABN 75 053 980 117 Warabrook NSW 2304

Box 324 Phone (02) 4960 9600
Hunter Region Mail Centre NSW 2310 Fax: (02) 4960 9601
Australia newcastle@douglaspartners.com.au

Client :  Project No. :
 Report No. :

Project :  Report Date :

Location :  Date of Test:
 Page: 1 of 1

Sample Details Particles > 19mm:

Description: Maximum Dry Density:

Optimum Moisture Content: %

Remarks:

Test Methods: AS 1289.5.1.1-2003 (STD), AS 1289.2.1.1-2005

Sampling Methods: AS 1289.1.1.1-1998, AS1289.1.2.1-2001

Approved Signatory:

 Tested: Dave Millard
 Checked: Laboratory Manager

0%TP 18

0.0-1.0m
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13.5

Coal Rejects t/m3

 RESULTS OF COMPACTION TEST     

Queensland Rail

Preliminary Geotechnical Investigation

Woodlands Close, Hexham

39798
N07-179
12/09/2007
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This Document is issued in accordance with NATA’s      
accreditation requirements. 
Accredited for compliance with ISO/IEC 17025

NATA Accredited Laboratory Number:  828



Douglas Partners Pty Ltd 
ABN 75 053 980 117 

Box 324 
Hunter Region Mail Centre NSW 2310 
Australia 

15 Callistemon Close 
Warabrook NSW 2304 

Phone (02) 4960 9600 
Fax: (02) 4960 9601 
newcastle@douglaspartners.com.au 
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This Document is issued in accordance with 
NATA’s accreditation requirements.  
Accredited for compliance with ISO/IEC 17025 

NATA Accredited Laboratory Number:  828 

 

 

RESULTS OF MOISTURE CONTENT, PLASTICITY AND LINEAR 
SHRINKAGE TESTS  

 
 
Client:  
 

 
Queensland Rail 

Project:  
 

Preliminary Geotechnical Investigation 

Location: Woodlands Close, Hexham 
      

 
Project No: 39798 
Report No: N07-179h 
Report Date: 12/9/2007 
 
Date Sampled: 6/8/2007 
Date of Test: 6/9/2007 
Page: 1 of 1 
 

TEST 
LOCATION 

DEPTH 
(m) DESCRIPTION CODE WF 

% 
WL 
% 

WP 
% 

PI 
% 

*LS 
% 

         
TP 16 2.3 Silty CLAY - Dark brown 2,5 41.9 56 25 31 14.0 

(CU) 

TP 21 1.5-1.95 Silty CLAY - Brown 2,5 41.1 44 23 21 12.0 

TP 37 3.9 Sandy SILT - Grey black 2,5 37.0 - - N/P - 

                                  

                                  

                                  

         
 

Legend: Code  
WF Field Moisture Content Sample history for plasticity tests 
WL Liquid limit 1. Air dried 
WP Plastic limit 2. Low temperature (<50ºC) oven dried 
PI Plasticity index 3. Oven (105ºC) dried 
LS Linear shrinkage from liquid limit condition (Mould length 125mm) 4. Unknown 
 

Test Methods: Method of preparation for plasticity tests 
Moisture Content: AS 1289 2.1.1 - 2005 5. Dry sieved 
Liquid Limit: AS 1289 3.1.2 - 1995 6. Wet sieved 
Plastic Limit: AS 1289 3.2.1 - 1995 7. Natural 
Plasticity Index: AS 1289 3.3.1 - 1995 
Linear Shrinkage: AS 1289 3.4.1 - 1995 *Specify if sample crumbled CR or curled CU 
  
 
 
Sampling Method(s): AS 1289.1.2.1-1998, AS 1289.1.1-2001 
 
Remarks: 
   

      

 

 Approved Signatory:  
 
      

 Tested: LB D Millard 
  Checked: DM Laboratory Manager 



 

 

 
 
 
 

Appendix D

Analytical Laboratory Test Results 
Chain of Custody Forms

Quality Assurance / Quality Control

 





QUALITY CONTROL REPORT
1 of 4 Page :Laboratory :Client : Environmental Division BrisbaneDOUGLAS PARTNERS PTY LTD

Contact :
Address :

Contact :
Address : Work order :

Amendment No. :

MR SCOTT MCFARLANE

32 Shand Street Stafford 
QLD  Australia  4053

EB0709130
Tim Kilmister

PO BOX 324 HUNTER REGION MAIL CENTRE
 AUSTRALIA 2310

16 Aug 2007EN/020/07Quote number :Hexham Preliminary Geotechnica Date received :Project :
Date issued :67344Order number :

C-O-C number : - Not provided -
- Not provided -Site :

mcfarlanes@douglaspartners.com.au E-mail :E-mail :
49609600 Telephone :Telephone :
49609601 Facsimile :Facsimile : Analysed :

Received :
No. of samples

24 Aug 2007

Services.Brisbane@alsenviro.com
+61-7-3243 7222
+61-7-3243 7218

 5
 5

Results apply to the samples as submitted. All pages of this report have been checked and approved for release.
This report contains the following information:

l Laboratory Duplicates (DUP); Relative Percentage Difference (RPD) and Acceptance Limits
l Method Blank (MB) and Laboratory Control Samples (LCS); Recovery and Acceptance Limits
l Matrix Spikes (MS); Recovery and Acceptance Limits

This final report for the ALSE work order reference EB0709130  supersedes any previous reports with this reference.

ALSE - Excellence in Analytical Testing

NATA Accredited Laboratory - 825 This document has been electronically signed by those names that appear on this report and are the authorised signatories. Electronic 
signing has been carried out in compliance with procedures specified in 21 CFR Part 11.

Signatory Department
Lea-Ellen Catt Inorganics - NATA 825 (818 - Brisbane)

This document is issued  in 
accordance with NATA's 

accreditation requirements.

Accredited for compliance 
with ISO/IED 17025



Project :

Client : Work Order :

ALS Quote Reference :

Page Number :

Issue Date :

2 of 4 
Hexham Preliminary Geotechnica EN/020/07 24 Aug 2007
DOUGLAS PARTNERS PTY LTD EB0709130

Quality Control Report  - Laboratory Duplicates (DUP)
The quality control term Laboratory Duplicate refers to an intralaboratory split sample randomly selected from the sample batch. Laboratory duplicates provide information on method precision and sample heterogeneity. 
- Anonymous - Client Sample IDs refer to samples which are not specifically part of this work order but formed part of the QC process lot. Abbreviations: LOR =  Limit of Reporting, RPD = Relative Percent Difference. 
* Indicates failed QC. The permitted ranges for the RPD of Laboratory Duplicates (relative percent deviation) are specified in ALS Method QWI-EN/38 and are dependent on the magnitude of results in comparison to the level 
of reporting:- Result < 10 times LOR, no limit          - Result between 10 and 20 times LOR, 0% - 50%          - Result > 20 times LOR, 0% - 20%

Matrix Type: SOIL Laboratory Duplicates (DUP) Report

LOR RPDDuplicate ResultOriginal ResultAnalyte nameClient Sample IDLaboratory Sample ID

EA026 : Chromium Reducible Sulphur

%EA026 : Chromium Reducible Sulphur - ( QC Lot: 474407 ) % %

0.02 % 0.00.65Chromium Reducible SulphurEB0709130-001 14/12.4 0.65

EA029-A: pH Measurements

%EA029-A: pH Measurements - ( QC Lot: 474408 ) pH Unit pH Unit

0.1 pH Unit 0.02.3pH OX (23B)EB0709130-001 14/12.4 2.3

%EA029-A: pH Measurements - ( QC Lot: 474409 ) pH Unit pH Unit

0.1 pH Unit 0.05.6pH KCl (23A)EB0709130-001 14/12.4 5.6

EA029-B: Acidity Trail

%EA029-B: Acidity Trail - ( QC Lot: 474408 ) mole H+ / t mole H+ / t

2 mole H+ / t 1.1359Titratable Peroxide Acidity (23G)EB0709130-001 14/12.4 355

%EA029-B: Acidity Trail - ( QC Lot: 474409 ) mole H+ / t mole H+ / t

2 mole H+ / t 18.26Titratable Actual Acidity (23F)EB0709130-001 14/12.4 5

A Campbell Brothers Limited Company



Project :

Client : Work Order :

ALS Quote Reference :

Page Number :

Issue Date :

3 of 4 
Hexham Preliminary Geotechnica EN/020/07 24 Aug 2007
DOUGLAS PARTNERS PTY LTD EB0709130

Quality Control Report  - Method Blank (MB) and Laboratory Control Samples (LCS)
The quality control term Method / Laboratory Blank refers to an analyte free matrix to which all reagents are added in the same volumes or proportions as used in standard sample preparation. The purpose of this QC type is 
to monitor potential laboratory contamination. The quality control term Laboratory Control Sample (LCS) refers to a known, interference free matrix spiked with target analytes or certified reference material. The purpose of this 
QC type is to monitor method precision and accuracy independent of sample matrix. Dynamic Recovery Limits are based on statistical evaluation of actual laboratory data. Flagged outliers on control limits for inorganics tests 
may be within the NEPM specified data quality objective of recoveries in the range of 70 to 130%. Where this occurs, no corrective action is taken. Abbreviations: LOR = Limit of reporting.

Matrix Type: SOIL Method Blank (MB) and Laboratory Control Samples (LCS) Report

Analyte name Low

Recovery Limits

Dynamic Recovery Limits
(% Recovery) HighLCS

Spike Recovery

Actual Results

Spike concentration

Method
blank
result

LOR

EA026 : Chromium Reducible Sulphur

EA026 : Chromium Reducible Sulphur - ( QC Lot: 474407 ) % % %%%

0.02 % ---- 73.1 129100Chromium Reducible Sulphur 0.21
0.02 % <0.02 ---- ------------

EA029-A: pH Measurements

EA029-A: pH Measurements - ( QC Lot: 474408 ) pH Unit pH Unit %%%

0.1 pH Unit <0.1 ---- --------pH OX (23B) ----

EA029-A: pH Measurements - ( QC Lot: 474409 ) pH Unit pH Unit %%%

0.1 pH Unit <0.1 ---- --------pH KCl (23A) ----

EA029-B: Acidity Trail

EA029-B: Acidity Trail - ( QC Lot: 474408 ) mole H+ / t mole H+ / t %%%

2 mole H+ / t <2 ---- --------Titratable Peroxide Acidity (23G) 2

EA029-B: Acidity Trail - ( QC Lot: 474409 ) mole H+ / t mole H+ / t %%%

2 mole H+ / t <2 ---- --------Titratable Actual Acidity (23F) ----

A Campbell Brothers Limited Company



Project :

Client : Work Order :

ALS Quote Reference :

Page Number :

Issue Date :

4 of 4 
Hexham Preliminary Geotechnica EN/020/07 24 Aug 2007
DOUGLAS PARTNERS PTY LTD EB0709130

Quality Control Report  - Matrix Spikes (MS)
The quality control term Matrix Spike (MS) refers to an intralaboratory split sample spiked with a representative set of target analytes. The purpose of this QC type is to monitor potential matrix effects on analyte recoveries. 
Static Recovery Limits as per laboratory Data Quality Objectives (DQO's). 'Ideal' recovery ranges stated may be waived in the event of sample matrix interferences. - Anonymous - Client Sample IDs refer to samples which 
are not specifically part of this work order but formed part of the QC process lot. Abbreviations: LOR = Limit of Reporting, RPD = Relative Percent Difference.
*  Indicates failed QC

Matrix Spike (MS) Report

Analyte name  Client Sample ID

Actual Results Recovery Limits

Static LimitsSpike Recovery
Spike ConcentrationLaboratory Sample ID HighLowMSLOR

Sample Result

 - ( QC Lot:  ) %%%

----

l No Matrix Spike (MS) carried out on this Work Order.

A Campbell Brothers Limited CompanyReport version :  QC_NA 3.03



INTERPRETIVE QUALITY CONTROL REPORT
Environmental Division Brisbane 1 of 5 Page :Laboratory :DOUGLAS PARTNERS PTY LTDClient :

Contact :
Address :

Contact :
Address :

Tim Kilmister
32 Shand Street Stafford
QLD Australia 4053

MR SCOTT MCFARLANE
PO BOX 324 HUNTER REGION MAIL CENTRE 
AUSTRALIA 2310

Work order : EB0709130
Amendment No. :

16 Aug 2007EN/020/07Quote number :Hexham Preliminary Geotechnica Date received :Project :
Date issued :67344Order number :

C-O-C number : - Not provided -
- Not provided -Site :

mcfarlanes@douglaspartners.com.au Services.Brisbane@alsenviro.comE-mail :E-mail :
49609600 +61-7-3243 7222Telephone :Telephone :
49609601 +61-7-3243 7218Facsimile :Facsimile : 5

5
Analysed :
Received :

No. of samples

24 Aug 2007

This Interpretive Quality Control Report was issued on 24 Aug 2007 for the ALS work order reference EB0709130 and supersedes any previous reports with this reference.
This report contains the following information:

l Analysis Holding Time Compliance
l Quality Control Type Frequency Compliance
l Summary of all Quality Control Outliers
l Brief Method Summaries

ALSE - Excellence in Analytical Testing



Project :

Client : DOUGLAS PARTNERS PTY LTD Work Order :

ALS Quote Reference :

Page Number :

Issue Date :

EB0709130 2 of 5 
Hexham Preliminary Geotechnica EN/020/07 24 Aug 2007

Interpretive Quality Control Report - Analysis Holding Time
The following report summarises extraction / preparation and analysis times and compares with recommended holding times. Dates reported represent first date of extraction or analysis and preclude subsequent dilutions and 
reruns. Information is also provided re the sample container (preservative) from which the sample aliquot was taken. Elapsed time to analysis represents time from sampling where no extraction / digestion is involved or time 
from extraction / digestion where this is present. For composite samples, sampling date/time is  taken as that of  the oldest sample contributing to that composite.  Sample date/time for laboratory produced leaches are taken 
from the completion date/time of the leaching process. Outliers for holding time are based on USEPA SW846, APHA, AS and NEPM (1999). Failed outliers, refer to the 'Summary of Outliers'.

Matrix Type: SOIL Analysis Holding Time and Preservation

AnalysisExtraction / Preparation
Due for analysisDate analysedDue for extractionDate extracted

Date SampledMethod 
Container / Client Sample ID(s) Pass? Pass?

EA026: Chromium Reducible Sulphur
Snap Lock Bag - frozen

Pass Pass18 Nov 20075 Aug 200814/12.4, 16/3.0-3.45,
27/1.5-1.95, 28/3.3,
30/0.4

20 Aug 200716 Aug 20076 Aug 2007

EA029-TAA: Suspension Peroxide Oxidation-Combined Acidity and Sulphate
Snap Lock Bag - frozen

Pass Pass18 Nov 20075 Aug 200814/12.4, 16/3.0-3.45,
27/1.5-1.95, 28/3.3,
30/0.4

20 Aug 200716 Aug 20076 Aug 2007

EA029-TPA: Suspension Peroxide Oxidation-Combined Acidity and Sulphate
Snap Lock Bag - frozen

Pass Pass18 Nov 20075 Aug 200814/12.4, 16/3.0-3.45,
27/1.5-1.95, 28/3.3,
30/0.4

20 Aug 200716 Aug 20076 Aug 2007

A Campbell Brothers Limited Company



Project :

Client : DOUGLAS PARTNERS PTY LTD Work Order :

ALS Quote Reference :

Page Number :

Issue Date :

EB0709130 3 of 5 
Hexham Preliminary Geotechnica EN/020/07 24 Aug 2007

The following report summarises the frequency of laboratory QC samples analysed within the analytical lot(s) in which this work order was processed. Actual rate should be greater than or equal to the expected rate.

Interpretive Quality Control Report - Frequency of Quality Control Samples

Matrix Type: SOIL Frequency of Quality Control Samples
 Quality Control Sample Type Count Rate (%) Quality Control Specification

QC Actual ExpectedRegularMethod

Laboratory Duplicates (DUP)
EA026: Chromium Reducible Sulphur  1  5 20.0 10.0 NEPM 1999  Schedule B(3) and ALSE QCS3 requirement
EA029-TAA: Suspension Peroxide Oxidation-Combined Acidity and Sulphate  1  5 20.0 10.0 NEPM 1999  Schedule B(3) and ALSE QCS3 requirement
EA029-TPA: Suspension Peroxide Oxidation-Combined Acidity and Sulphate  1  5 20.0 10.0 NEPM 1999  Schedule B(3) and ALSE QCS3 requirement

Laboratory Control Samples (LCS)
EA026: Chromium Reducible Sulphur  1  5 20.0 5.0 NEPM 1999  Schedule B(3) and ALSE QCS3 requirement

Method Blanks (MB)
EA026: Chromium Reducible Sulphur  1  5 20.0 5.0 NEPM 1999  Schedule B(3) and ALSE QCS3 requirement
EA029-TAA: Suspension Peroxide Oxidation-Combined Acidity and Sulphate  1  5 20.0 5.0 NEPM 1999  Schedule B(3) and ALSE QCS3 requirement
EA029-TPA: Suspension Peroxide Oxidation-Combined Acidity and Sulphate  1  5 20.0 5.0 NEPM 1999  Schedule B(3) and ALSE QCS3 requirement

A Campbell Brothers Limited Company



Project :

Client : DOUGLAS PARTNERS PTY LTD Work Order :

ALS Quote Reference :

Page Number :

Issue Date :

EB0709130 4 of 5 
Hexham Preliminary Geotechnica EN/020/07 24 Aug 2007

Interpretive Quality Control Report - Summary of Outliers
Outliers : Quality Control Samples
The following report highlights outliers flagged on the 'Quality Control Report'. Surrogate recovery limits are static and based on USEPA SW846 or ALS-QWI/EN/38 (in the absence of specific USEPA limits). Flagged outliers 
on control limits for inorganics tests may be within the NEPM specified data quality objective of recoveries in the range of 70 to 130%. Where this occurs, no corrective action is taken. - Anonymous - Client Sample IDs refer 
to samples which are not specifically part of this work order but formed part of the QC process lot.

Non-surrogates

l For all matrices, no RPD recovery outliers occur for the duplicate analysis.

l For all matrices, no method blank result outliers occur.

l For all matrices, no laboratory spike recoveries breaches occur.

l For all matrices, no matrix spike recoveries breaches occur.

Surrogates

l For all matrices, no surrogate recovery outliers occur.

Outliers : Analysis Holding Time
The following report highlights outliers within this 'Interpretive Quality Control Report - Analysis Holding Time'.

l No holding time outliers occur.

Outliers : Frequency of Quality Control Samples
The following report highlights outliers within this 'Interpretive Quality Control Report - Frequency of Quality Control Samples'.

l No frequency outliers occur.

A Campbell Brothers Limited Company



Project :

Client : DOUGLAS PARTNERS PTY LTD Work Order :

ALS Quote Reference :

Page Number :

Issue Date :

EB0709130 5 of 5 
Hexham Preliminary Geotechnica EN/020/07 24 Aug 2007

Method Reference Summary
The analytical procedures used by ALS Environmental are based on established internationally-recognized procedures such as those published by the US EPA, APHA, AS and NEPM. In house procedure are employed in the 
absence of documented standards or by client request. The following report provides brief descriptions of the analytical procedures employed for results reported herein. Reference methods from which ALSE methods are 
based are provided in parenthesis.

Matrix Type: SOIL Method Reference Summary

Preparation Methods

EN020PR : Drying at 85 degrees, bagging and labelling (ASS) - In house

Analytical Methods

EA026 : Chromium Reducible Sulphur - Sullivan et al (1998) The CRS method converts reduced inorganic sulfur to H2S by CrCl2 solution ; the evolved H2S is trapped in a zinc acetate solution 
as ZnS which is quantified by iodometric titration.

EA029-TAA : Suspension Peroxide Oxidation-Combined Acidity and Sulphate - Ahern et al 2004 - a suspension peroxide oxidation method following the 'sulfur trail' by determining the level 
of 1M KCL extractable sulfur and the sulfur level after oxidation of soil sulphides.  The 'acidity trail' is followed by measurement of TAA, TPA and TSA.  Liming Rate is based on results for samples 
as submitted and incorporates a minimum safety factor of 1.5.

EA029-TPA : Suspension Peroxide Oxidation-Combined Acidity and Sulphate - Ahern et al 2004 - a suspension peroxide oxidation method following the 'sulfur trail' by determining the level 
of 1M KCL extractable sulfur and the sulfur level after oxidation of soil sulphides.  The 'acidity trail' is followed by measurement of TAA, TPA and TSA.  Liming Rate is based on results for samples 
as submitted and incorporates a minimum safety factor of 1.5.

A Campbell Brothers Limited CompanyReport version : 1QCINA 2.08



CERTIFICATE OF ANALYSIS
DOUGLAS PARTNERS PTY LTD 1 of 4 Page :Laboratory :Client : Environmental Division Brisbane

Contact :
Address :

Contact :
Address :PO BOX 324 HUNTER REGION MAIL 

CENTRE AUSTRALIA 2310

 :MR SCOTT MCFARLANE Tim Kilmister EB0709130
32 Shand Street Stafford QLD Australia 4053

Work Order

E-mail : E-mail :mcfarlanes@douglaspartners.com.au Services.Brisbane@alsenviro.com
Telephone :
Facsimile :

Telephone :
Facsimile :

49609600 +61-7-3243 7222
49609601 +61-7-3243 7218

16 Aug 2007EN/020/07Quote number :Hexham Preliminary GeotechnicaProject :

67344Order number :
- Not provided -C-O-C number :

- Not provided -Site : Analysed :
Received :

5
5No. of samples -

24 Aug 2007Date issued :
Date received :

ALSE - Excellence in Analytical Testing

NATA Accredited Laboratory  
825

 
This document is issued in 

accordance with NATA's 
accreditation requirements.

Accredited for compliance with 
ISO/IEC 17025.

This document has been electronically signed by those names that appear on this report and are the authorised signatories. Electronic 
signing has been carried out in compliance with procedures specified in 21 CFR Part 11.

Signatory DepartmentPosition

Lea-Ellen Catt Inorganics - NATA 825 (818 - Brisbane)Laboratory Technician - Acid Sulphate 
Soils



DOUGLAS PARTNERS PTY LTDClient :
EB0709130

2 of 4 Page Number :

 :Work Order

Comments
This report for the ALSE reference EB0709130 supersedes any previous reports with this reference. Results apply to the samples as submitted. All pages of this report have been checked and 
approved for release.

This report contains the following information:

l Analytical Results for Samples Submitted
l Surrogate Recovery Data

The analytical procedures used by ALS Environmental have been developed from established internationally-recognized procedures such as those published by the US EPA, APHA, AS and NEPM. In 
house developed procedures are employed in the absence of documented standards or by client request. The following report provides brief descriptions of the analytical procedures employed for 
results reported herein. Reference methods from which ALSE methods are based are provided in parenthesis.

When moisture determination has been performed, results are reported on a dry weight basis.  When a reported 'less than' result is higher than the LOR, this may be due to primary sample 
extracts/digestion dilution and/or insuffient sample amount for analysis. Surrogate Recovery Limits are static and based on USEPA SW846 or ALS-QWI/EN38 (in the absence of specified USEPA 
limits).  Where LOR of reported result differ from standard LOR, this may be due to high moisture, reduced sample amount or matrix interference. When date(s) and/or time(s) are shown bracketed, 
these have been assumed by the laboratory for process purposes. Abbreviations: CAS number = Chemical Abstract Services number, LOR = Limit of Reporting. * Indicates failed Surrogate 
Recoveries.   



Client : DOUGLAS PARTNERS PTY LTD
EB0709130

3 of 4 Page Number :

Work Order :

Analytical Results 30/0.428/3.327/1.5-1.9516/3.0-3.4514/12.4Client Sample ID :
Sample Matrix Type / Description :

Sample Date / Time :

Laboratory Sample ID :

SOIL
6 Aug 2007

15:00

SOIL
6 Aug 2007

15:00

SOIL
6 Aug 2007

15:00

SOIL
6 Aug 2007

15:00

SOIL
6 Aug 2007

15:00

EB0709130-001 EB0709130-002 EB0709130-003 EB0709130-004 EB0709130-005Analyte CAS number LOR Units

  EA026 : Chromium Reducible Sulphur
0.65 0.08 <0.02 <0.02 0.04%0.02Chromium Reducible Sulphur

  EA029-A: pH Measurements
5.6 6.8 5.5 5.9 5.4pH Unit0.1pH KCl (23A)
2.3 2.2 4.2 5.8 3.3pH Unit0.1pH OX (23B)

  EA029-B: Acidity Trail
6 <2 21 4 16mole H+ / t2Titratable Actual Acidity (23F)

359 388 184 <2 230mole H+ / t2Titratable Peroxide Acidity (23G)

A Campbell Brothers Limited Company



Client : DOUGLAS PARTNERS PTY LTD
EB0709130

4 of 4 Page Number :

Work Order :

Surrogate Control Limits
l No surrogates present on this report.

A Campbell Brothers Limited CompanyReport version : COANA 3.02





20 August 200720 August 2007 TEST REPORTTEST REPORT

Douglas Partners Pty LtdDouglas Partners Pty Ltd

Box 324Box 324

Hunter Region Mail CentreHunter Region Mail Centre

NSWNSW 23102310

39798, Hexham39798, HexhamYour Reference:Your Reference:

Report Number:Report Number: 5446154461

Attention:Attention: Scott McFarlaneScott McFarlane

DearDear ScottScott

The following samples were received from you on the date indicated.The following samples were received from you on the date indicated.

Samples:Samples: Qty.Qty. 6 Soils6 Soils

Date of Receipt of Samples:Date of Receipt of Samples: 14/08/0714/08/07

Date of Receipt of Instructions:Date of Receipt of Instructions: 14/08/0714/08/07

Date Preliminary Report Emailed:Date Preliminary Report Emailed: Not IssuedNot Issued

These samples were analysed in accordance with your written instructions.These samples were analysed in accordance with your written instructions.

A copy of the instructions is attached with the analytical report.A copy of the instructions is attached with the analytical report.

The results and associated quality control are contained in the following pages of this report.The results and associated quality control are contained in the following pages of this report.

Unless otherwise stated, solid samples are expressed on a dry weight basis (moisture hasUnless otherwise stated, solid samples are expressed on a dry weight basis (moisture has

been supplied for your information only), air and liquid samples as received.been supplied for your information only), air and liquid samples as received.

Should you have any queries regarding this report please contact the undersigned.Should you have any queries regarding this report please contact the undersigned.

Yours faithfullyYours faithfully

SGS ENVIRONMENTAL SERVICESSGS ENVIRONMENTAL SERVICES

Page 1 of  18Page 1 of  18



PROJECT:PROJECT: 39798, Hexham39798, Hexham REPORT NO:REPORT NO: 5446154461

BTEX in Soil
Our Reference: UNITS 54461-1 54461-2 54461-3 54461-4 54461-5
Your Reference ------------- TP14/0.8 TP18/1.0 TP28/0.1 TP28/1.0 TP29/0.4

Sample Type ------------ Soil Soil Soil Soil Soil
Date Sampled 6/08/2007 6/08/2007 6/08/2007 6/08/2007 6/08/2007

Benzene mg/kg <0.5 <0.5 <0.5 <0.5 <0.5 

Toluene mg/kg <0.5 <0.5 <0.5 <0.5 <0.5 

Ethylbenzene mg/kg <0.5 <0.5 <0.5 <0.5 <0.5 

Total Xylenes mg/kg <1.5 <1.5 <1.5 <1.5 <1.5 

BTEX  Surrogate (%) % 101 93 89 84 119 

BTEX in Soil
Our Reference: UNITS 54461-6
Your Reference ------------- D1

Sample Type ------------ Soil
Date Sampled 6/08/2007

Benzene mg/kg <0.5 

Toluene mg/kg <0.5 

Ethylbenzene mg/kg <0.5 

Total Xylenes mg/kg <1.5 

BTEX  Surrogate (%) % 90 

Page 2 of  18Page 2 of  18



PROJECT:PROJECT: 39798, Hexham39798, Hexham REPORT NO:REPORT NO: 5446154461

TRH in soil with..C6-C9 by P/T 
Our Reference: UNITS 54461-1 54461-2 54461-3 54461-4 54461-5
Your Reference ------------- TP14/0.8 TP18/1.0 TP28/0.1 TP28/1.0 TP29/0.4

Sample Type ------------ Soil Soil Soil Soil Soil
Date Sampled 6/08/2007 6/08/2007 6/08/2007 6/08/2007 6/08/2007

TRH C6 - C9 P&T mg/kg <20 <20 <20 <20 <20 

TRH C10 - C14 mg/kg <20 <20 23 <20 110 

TRH C15 - C28 mg/kg <50 100 290 <50    2,600 

TRH C29 - C36 mg/kg <50 <50 170 <50    1,900 

TRH in soil with..C6-C9 by P/T 
Our Reference: UNITS 54461-6
Your Reference ------------- D1

Sample Type ------------ Soil
Date Sampled 6/08/2007

TRH C6 - C9 P&T mg/kg <20 

TRH C10 - C14 mg/kg <20 

TRH C15 - C28 mg/kg 250 

TRH C29 - C36 mg/kg 170 

Page 3 of  18Page 3 of  18



PROJECT:PROJECT: 39798, Hexham39798, Hexham REPORT NO:REPORT NO: 5446154461

PAHs in Soil
Our Reference: UNITS 54461-1 54461-2 54461-3 54461-4 54461-5
Your Reference ------------- TP14/0.8 TP18/1.0 TP28/0.1 TP28/1.0 TP29/0.4

Sample Type ------------ Soil Soil Soil Soil Soil
Date Sampled 6/08/2007 6/08/2007 6/08/2007 6/08/2007 6/08/2007

Naphthalene mg/kg <0.1 <0.1 <0.1 <0.1 1.0 

Acenaphthylene mg/kg <0.1 <0.1 <0.1 <0.1 0.4 

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

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

Phenanthrene mg/kg 0.2 0.5 0.6 0.1 3.5 

Anthracene mg/kg <0.1 <0.1 <0.1 <0.1 0.6 

Fluoranthene mg/kg 0.2 0.1 0.3 <0.1 2.0 

Pyrene mg/kg 0.1 0.1 0.3 <0.1 2.4 

Benzo[a]anthracene mg/kg <0.1 0.1 0.2 <0.1 0.8 

Chrysene mg/kg <0.1 <0.1 0.2 <0.1 0.8 

Benzo[b,k]fluoranthene mg/kg <0.2 <0.2 <0.2 <0.2 0.8 

Benzo[a]pyrene mg/kg 0.07 0.06 0.09 <0.05 0.62 

Indeno[123-cd ]pyrene mg/kg <0.1 <0.1 <0.1 <0.1 0.4 

Dibenzo[ah]anthracene mg/kg <0.1 <0.1 <0.1 <0.1 0.1 

Benzo[ghi]perylene mg/kg <0.1 <0.1 <0.1 <0.1 0.4 

Total  PAH's mg/kg <1.77 <1.96 <2.69 <1.55 <14.02 

Nitrobenzene-d5 % 91 98 96 91 99 

2-Fluorobiphenyl % 90 96 96 89 97 

�p -Terphenyl-�d14  % 101 108 109 104 105 

Page 4 of  18Page 4 of  18



PROJECT:PROJECT: 39798, Hexham39798, Hexham REPORT NO:REPORT NO: 5446154461

PAHs in Soil
Our Reference: UNITS 54461-6
Your Reference ------------- D1

Sample Type ------------ Soil
Date Sampled 6/08/2007

Naphthalene mg/kg <0.1 

Acenaphthylene mg/kg <0.1 

Acenaphthene mg/kg <0.1 

Fluorene mg/kg <0.1 

Phenanthrene mg/kg 0.6 

Anthracene mg/kg <0.1 

Fluoranthene mg/kg 0.3 

Pyrene mg/kg 0.3 

Benzo[a]anthracene mg/kg 0.2 

Chrysene mg/kg 0.2 

Benzo[b,k]fluoranthene mg/kg <0.2 

Benzo[a]pyrene mg/kg 0.08 

Indeno[123-cd ]pyrene mg/kg <0.1 

Dibenzo[ah]anthracene mg/kg <0.1 

Benzo[ghi]perylene mg/kg <0.1 

Total  PAH's mg/kg <2.68 

Nitrobenzene-d5 % 101 

2-Fluorobiphenyl % 101 

�p -Terphenyl-�d14  % 112 
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PROJECT:PROJECT: 39798, Hexham39798, Hexham REPORT NO:REPORT NO: 5446154461

OC Pesticides in Soil
Our Reference: UNITS 54461-1 54461-2 54461-3 54461-4 54461-5
Your Reference ------------- TP14/0.8 TP18/1.0 TP28/0.1 TP28/1.0 TP29/0.4

Sample Type ------------ Soil Soil Soil Soil Soil
Date Sampled 6/08/2007 6/08/2007 6/08/2007 6/08/2007 6/08/2007

HCB mg/kg <0.1 <0.1 <0.1 <0.1 <0.1 

alpha -BHC mg/kg <0.1 <0.1 <0.1 <0.1 <0.1 

gamma-BHC (Lindane) mg/kg <0.1 <0.1 <0.1 <0.1 <0.1 

Heptachlor mg/kg <0.1 <0.1 <0.1 <0.1 <0.1 

Aldrin mg/kg <0.1 <0.1 <0.1 <0.1 <0.1 

beta -BHC mg/kg <0.1 <0.1 <0.1 <0.1 <0.1 

delta -BHC mg/kg <0.1 <0.1 <0.1 <0.1 <0.1 

Heptachlor Epoxide mg/kg <0.1 <0.1 <0.1 <0.1 <0.1 

o,p'-DDE mg/kg <0.1 <0.1 <0.1 <0.1 <0.1 

alpha -Endosulfan mg/kg <0.1 <0.1 <0.1 <0.1 <0.1 

trans -Chlordane mg/kg <0.1 <0.1 <0.1 <0.1 <0.1 

cis-Chlordane mg/kg <0.1 <0.1 <0.1 <0.1 <0.1 

trans -Nonachlor mg/kg <0.1 <0.1 <0.1 <0.1 <0.1 

p,p'-DDE mg/kg <0.1 <0.1 <0.1 <0.1 <0.1 

Dieldrin mg/kg <0.1 <0.1 <0.1 <0.1 <0.1 

Endrin mg/kg <0.1 <0.1 <0.1 <0.1 <0.1 

o,p'-DDD mg/kg <0.1 <0.1 <0.1 <0.1 <0.1 

o,p'-DDT mg/kg <0.1 <0.1 <0.1 <0.1 <0.1 

beta-Endosulfan mg/kg <0.1 <0.1 <0.1 <0.1 <0.1 

p,p'-DDD mg/kg <0.1 <0.1 <0.1 <0.1 <0.1 

p,p'-DDT mg/kg <0.1 <0.1 <0.1 <0.1 <0.1 

Endosulfan Sulphate mg/kg <0.1 <0.1 <0.1 <0.1 <0.1 

Endrin Aldehyde mg/kg <0.1 <0.1 <0.1 <0.1 <0.1 

Methoxychlor mg/kg <0.1 <0.1 <0.1 <0.1 <0.1 

Endrin Ketone mg/kg <0.1 <0.1 <0.1 <0.1 <0.1 

2,4,5,6-Tetrachloro-m-xylene (Surrogate % 111 103 115 108 102 
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PROJECT:PROJECT: 39798, Hexham39798, Hexham REPORT NO:REPORT NO: 5446154461

OC Pesticides in Soil
Our Reference: UNITS 54461-6
Your Reference ------------- D1

Sample Type ------------ Soil
Date Sampled 6/08/2007

HCB mg/kg <0.1 

alpha -BHC mg/kg <0.1 

gamma-BHC (Lindane) mg/kg <0.1 

Heptachlor mg/kg <0.1 

Aldrin mg/kg <0.1 

beta -BHC mg/kg <0.1 

delta -BHC mg/kg <0.1 

Heptachlor Epoxide mg/kg <0.1 

o,p'-DDE mg/kg <0.1 

alpha -Endosulfan mg/kg <0.1 

trans -Chlordane mg/kg <0.1 

cis-Chlordane mg/kg <0.1 

trans -Nonachlor mg/kg <0.1 

p,p'-DDE mg/kg <0.1 

Dieldrin mg/kg <0.1 

Endrin mg/kg <0.1 

o,p'-DDD mg/kg <0.1 

o,p'-DDT mg/kg <0.1 

beta-Endosulfan mg/kg <0.1 

p,p'-DDD mg/kg <0.1 

p,p'-DDT mg/kg <0.1 

Endosulfan Sulphate mg/kg <0.1 

Endrin Aldehyde mg/kg <0.1 

Methoxychlor mg/kg <0.1 

Endrin Ketone mg/kg <0.1 

2,4,5,6-Tetrachloro-m-xylene (Surrogate % 106 
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PROJECT:PROJECT: 39798, Hexham39798, Hexham REPORT NO:REPORT NO: 5446154461

OP Pesticides in Soil
Our Reference: UNITS 54461-1 54461-2 54461-3 54461-4 54461-5
Your Reference ------------- TP14/0.8 TP18/1.0 TP28/0.1 TP28/1.0 TP29/0.4

Sample Type ------------ Soil Soil Soil Soil Soil
Date Sampled 6/08/2007 6/08/2007 6/08/2007 6/08/2007 6/08/2007

Chlorpyrifos mg/kg <0.1 <0.1 <0.1 <0.1 <0.1 

Fenitrothion mg/kg <0.1 <0.1 <0.1 <0.1 <0.1 

Bromofos Ethyl mg/kg <0.1 <0.1 <0.1 <0.1 <0.1 

Ethion mg/kg <0.1 <0.1 <0.1 <0.1 <0.1 

OP_Surrogate 1 % 111 103 115 108 102 

OP Pesticides in Soil
Our Reference: UNITS 54461-6
Your Reference ------------- D1

Sample Type ------------ Soil
Date Sampled 6/08/2007

Chlorpyrifos mg/kg <0.1 

Fenitrothion mg/kg <0.1 

Bromofos Ethyl mg/kg <0.1 

Ethion mg/kg <0.1 

OP_Surrogate 1 % 106 
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PROJECT:PROJECT: 39798, Hexham39798, Hexham REPORT NO:REPORT NO: 5446154461

PCBs in Soil
Our Reference: UNITS 54461-1 54461-2 54461-3 54461-4 54461-5
Your Reference ------------- TP14/0.8 TP18/1.0 TP28/0.1 TP28/1.0 TP29/0.4

Sample Type ------------ Soil Soil Soil Soil Soil
Date Sampled 6/08/2007 6/08/2007 6/08/2007 6/08/2007 6/08/2007

Arochlor 1016 mg/kg <0.1 <0.1 <0.1 <0.1 <0.1 

Arochlor 1221 mg/kg <0.1 <0.1 <0.1 <0.1 <0.1 

Arochlor 1232 mg/kg <0.1 <0.1 <0.1 <0.1 <0.1 

Arochlor 1242 mg/kg <0.1 <0.1 <0.1 <0.1 <0.1 

Arochlor 1248 mg/kg <0.1 <0.1 <0.1 <0.1 <0.1 

Arochlor 1254 mg/kg <0.1 <0.1 <0.1 <0.1 <0.1 

Arochlor 1260 mg/kg <0.1 <0.1 <0.1 <0.1 <0.1 

Arochlor 1262 mg/kg <0.1 <0.1 <0.1 <0.1 <0.1 

Arochlor 1268 mg/kg <0.1 <0.1 <0.1 <0.1 <0.1 

Total Positive PCB mg/kg <0.90 <0.90 <0.90 <0.90 <0.90 

PCB_Surrogate 1 % 111 103 115 108 102 

PCBs in Soil
Our Reference: UNITS 54461-6
Your Reference ------------- D1

Sample Type ------------ Soil
Date Sampled 6/08/2007

Arochlor 1016 mg/kg <0.1 

Arochlor 1221 mg/kg <0.1 

Arochlor 1232 mg/kg <0.1 

Arochlor 1242 mg/kg <0.1 

Arochlor 1248 mg/kg <0.1 

Arochlor 1254 mg/kg <0.1 

Arochlor 1260 mg/kg <0.1 

Arochlor 1262 mg/kg <0.1 

Arochlor 1268 mg/kg <0.1 

Total Positive PCB mg/kg <0.90 

PCB_Surrogate 1 % 106 
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Acid Extractable Metals  in Soil
Our Reference: UNITS 54461-1 54461-2 54461-3 54461-4 54461-5
Your Reference ------------- TP14/0.8 TP18/1.0 TP28/0.1 TP28/1.0 TP29/0.4

Sample Type ------------ Soil Soil Soil Soil Soil
Date Sampled 6/08/2007 6/08/2007 6/08/2007 6/08/2007 6/08/2007

Arsenic mg/kg <3 20 7 <3 <3 

Cadmium mg/kg <0.1 0.3 0.3 <0.1 0.2 

Chromium mg/kg 2.1 2.2 8.0 3.5 4.0 

Copper mg/kg 5.9 17 18 5.0 6.7 

Lead mg/kg 15 16 20 5 23 

Mercury mg/kg <0.05 0.13 0.06 <0.05 <0.05 

Nickel mg/kg 3.5 3.5 13 3.8 8.0 

Zinc mg/kg 24 33 140 110 81 

Acid Extractable Metals  in Soil
Our Reference: UNITS 54461-6
Your Reference ------------- D1

Sample Type ------------ Soil
Date Sampled 6/08/2007

Arsenic mg/kg 4 

Cadmium mg/kg 0.1 

Chromium mg/kg 14 

Copper mg/kg 11 

Lead mg/kg 9 

Mercury mg/kg 0.05 

Nickel mg/kg 13 

Zinc mg/kg 36 
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Inorganics 
Our Reference: UNITS 54461-1 54461-2 54461-3 54461-4 54461-5
Your Reference ------------- TP14/0.8 TP18/1.0 TP28/0.1 TP28/1.0 TP29/0.4

Sample Type ------------ Soil Soil Soil Soil Soil
Date Sampled 6/08/2007 6/08/2007 6/08/2007 6/08/2007 6/08/2007

pH 1:5 soil:water pH Units 6.9 9.4 6.1 6.4 6.2 

Sulphate, SO4 1:5 soil:water mg/kg 270 210 21 27 250 

Total Phosphorus mg/kg 180    2,200 430 92 490 

Chloride, Cl 1:5 soil:water mg/kg 98 12 81 65 11 

Inorganics 
Our Reference: UNITS 54461-6
Your Reference ------------- D1

Sample Type ------------ Soil
Date Sampled 6/08/2007

pH 1:5 soil:water pH Units 7.1 

Sulphate, SO4 1:5 soil:water mg/kg 200 

Total Phosphorus mg/kg 360 

Chloride, Cl 1:5 soil:water mg/kg 580 
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Moisture 
Our Reference: UNITS 54461-1 54461-2 54461-3 54461-4 54461-5
Your Reference ------------- TP14/0.8 TP18/1.0 TP28/0.1 TP28/1.0 TP29/0.4

Sample Type ------------ Soil Soil Soil Soil Soil
Date Sampled 6/08/2007 6/08/2007 6/08/2007 6/08/2007 6/08/2007

Moisture % 16 9 11 14 5 

Moisture 
Our Reference: UNITS 54461-6
Your Reference ------------- D1

Sample Type ------------ Soil
Date Sampled 6/08/2007

Moisture % 23 
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Method ID Methodology Summary

  SEO-018 BTEX - Determination by purge and trap/ Gas Chromatography with MS Detection.
 

  SEO-017 BTEX/TRH C6-C9 - Determination by Purge and Trap Gas Chromatography with Flame Ionisation Detection 
(FID) and Photo Ionisation Detection (PID). The surrogate spike used is aaa-trifluorotoluene.
 

  SEO-020 TRH - Determination of Total Recoverable Hydrocarbons by gas chromatography following extraction with 
DCM/Acetone for solids and DCM for liquids.
 

  SEO-030 PAHs by GC/MS  - Determination of Polynuclear Aromatic Hydrocarbons (PAH's) by Gas Chromatography /
Mass Spectrometry following extraction with dichloromethane or dichloromethane/acetone. The surrogate 
spike used is p-Terphenyl-d14.
 

  SEO-005 OC/OP/PCB - Determination of a suite of Organchlorine Pesticides, Chlorinated Organo-phosphorus Pesticides 
and Polychlorinated Biphenyls (PCB's) by sonication extraction using dichloromethane for waters or 
acetone / hexane for soils followed by Gas Chromatographic separation with Electron Capture Detection 
(GC/ECD). The surrogate spike used is 2,4,5,6-Tetrachloro-m-xylene.
 

  SEM-010 Metals  - Determination of various metals by ICP-AES following aqua regia digest. 
 

  SEM-005 Mercury - Determination of Mercury by Cold Vapour Generation Atomic Absorption Spectroscopy. 
 

  AN101 pH - Measured using  pH meter and electrode in accordance with APHA 20th ED, 4500-H+. 
 

  SEI-038 Anions - a range of Anions are determined by Ion Chromatography, in accordance with  APHA 20th ED, 
4110-B.
 

  AN002 Preparation of soils, sediments and sludges undergo analysis by either air drying, compositing, subsampling 
and 1:5 soil water extraction where required. Moisture content is determined by drying the sample at 105 ± 
5°C.
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QUALITY CONTROL UNITS PQL METHOD Blank Duplicate 
Sm#

Duplicate Spike Sm# Matrix Spike % 
Recovery

BTEX in Soil Base + Duplicate + 
%RPD

Duplicate + %RPD

Benzene mg/kg 0.5 SEO-018 <0.5 54461-6 <0.5 || <0.5 LCS 76 || [N/T]

Toluene mg/kg 0.5 SEO-018 <0.5 54461-6 <0.5 || <0.5 LCS 75 || [N/T]

Ethylbenzene mg/kg 0.5 SEO-018 <0.5 54461-6 <0.5 || <0.5 LCS 79 || [N/T]

Total Xylenes mg/kg 1.5 SEO-018 <1.5 54461-6 <1.5 || <1.5 LCS 82 || [N/T]

BTEX  Surrogate (%) % 0 SEO-018 92 54461-6 90 || 83 || RPD: 8 LCS 95 || [N/T]

QUALITY CONTROL UNITS PQL METHOD Blank Duplicate 
Sm#

Duplicate Spike Sm# Matrix Spike % 
Recovery

TRH in soil with..C6-C9 
by P/T 

Base + Duplicate + 
%RPD

Duplicate + %RPD

TRH C6 - C9 P&T mg/kg 20 SEO-017 <20 54461-6 <20 || <20 LCS 92 || [N/T]

TRH C10 - C14 mg/kg 20 SEO-020 <20 54461-6 <20 || <20 LCS 90 || [N/T]

TRH C15 - C28 mg/kg 50 SEO-020 <50 54461-6 250 || 260 || RPD: 4 LCS 93 || [N/T]

TRH C29 - C36 mg/kg 50 SEO-020 <50 54461-6 170 || 180 || RPD: 6 LCS 93 || [N/T]

QUALITY CONTROL UNITS PQL METHOD Blank Duplicate 
Sm#

Duplicate Spike Sm# Matrix Spike % 
Recovery

PAHs in Soil Base + Duplicate + 
%RPD

Duplicate + %RPD

Naphthalene mg/kg 0.1 SEO-030 <0.1 54461-6 <0.1 || <0.1 LCS 88 || [N/T]

Acenaphthylene mg/kg 0.1 SEO-030 <0.1 54461-6 <0.1 || <0.1 LCS 69 || [N/T]

Acenaphthene mg/kg 0.1 SEO-030 <0.1 54461-6 <0.1 || <0.1 LCS 103 || [N/T]

Fluorene mg/kg 0.1 SEO-030 <0.1 54461-6 <0.1 || <0.1 [NR] [NR]

Phenanthrene mg/kg 0.1 SEO-030 <0.1 54461-6 0.6 || 0.6 || RPD: 0 LCS 94 || [N/T]

Anthracene mg/kg 0.1 SEO-030 <0.1 54461-6 <0.1 || <0.1 LCS 92 || [N/T]

Fluoranthene mg/kg 0.1 SEO-030 <0.1 54461-6 0.3 || 0.3 || RPD: 0 LCS 91 || [N/T]

Pyrene mg/kg 0.1 SEO-030 <0.1 54461-6 0.3 || 0.3 || RPD: 0 LCS 90 || [N/T]

Benzo[a]anthracene mg/kg 0.1 SEO-030 <0.1 54461-6 0.2 || 0.2 || RPD: 0 [NR] [NR]

Chrysene mg/kg 0.1 SEO-030 <0.1 54461-6 0.2 || 0.2 || RPD: 0 [NR] [NR]

Benzo[b,k]fluoranthe
ne 

mg/kg 0.2 SEO-030 <0.2 54461-6 <0.2 || <0.2 [NR] [NR]

Benzo[a]pyrene mg/kg 0.05 SEO-030 <0.05 54461-6 0.08 || 0.09 || RPD: 
12 

LCS 101 || [N/T]

Indeno[123-cd ]pyren
e 

mg/kg 0.1 SEO-030 <0.1 54461-6 <0.1 || <0.1 [NR] [NR]

Dibenzo[ah]anthrace
ne 

mg/kg 0.1 SEO-030 <0.1 54461-6 <0.1 || <0.1 [NR] [NR]

Benzo[ghi]perylene mg/kg 0.1 SEO-030 <0.1 54461-6 <0.1 || <0.1 [NR] [NR]

Total  PAH's mg/kg 1.55 SEO-030 1.55 54461-6 <2.68 || <2.69 [NR] [NR]

Nitrobenzene-d5 %  0 SEO-030 92 54461-6 101 || 100 || RPD: 1 LCS 88 || [N/T]

2-Fluorobiphenyl %  0 SEO-030 93 54461-6 101 || 100 || RPD: 1 LCS 91 || [N/T]

�p -Terphenyl-�d
14 

%  0 SEO-030 101 54461-6 112 || 110 || RPD: 2 LCS 101 || [N/T]
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QUALITY CONTROL UNITS PQL METHOD Blank Duplicate 
Sm#

Duplicate Spike 
Sm#

Matrix Spike % 
Recovery

OC Pesticides in Soil Base + Duplicate 
+ %RPD

Duplicate + 
%RPD

HCB mg/kg 0.1 SEO-005 <0.1 54461-6 <0.1 || <0.1 [NR] [NR]

alpha -BHC mg/kg 0.1 SEO-005 <0.1 54461-6 <0.1 || <0.1 [NR] [NR]

gamma-BHC (Lindane) mg/kg 0.1 SEO-005 <0.1 54461-6 <0.1 || <0.1 [NR] [NR]

Heptachlor mg/kg 0.1 SEO-005 <0.1 54461-6 <0.1 || <0.1 LCS 83 || [N/T]

Aldrin mg/kg 0.1 SEO-005 <0.1 54461-6 <0.1 || <0.1 LCS 83 || [N/T]

beta -BHC mg/kg 0.1 SEO-005 <0.1 54461-6 <0.1 || <0.1 [NR] [NR]

delta -BHC mg/kg 0.1 SEO-005 <0.1 54461-6 <0.1 || <0.1 LCS 80 || [N/T]

Heptachlor Epoxide mg/kg 0.1 SEO-005 <0.1 54461-6 <0.1 || <0.1 [NR] [NR]

o,p'-DDE mg/kg 0.1 SEO-005 <0.1 54461-6 <0.1 || <0.1 [NR] [NR]

alpha -Endosulfan mg/kg 0.1 SEO-005 <0.1 54461-6 <0.1 || <0.1 [NR] [NR]

trans -Chlordane mg/kg 0.1 SEO-005 <0.1 54461-6 <0.1 || <0.1 [NR] [NR]

cis-Chlordane mg/kg 0.1 SEO-005 <0.1 54461-6 <0.1 || <0.1 [NR] [NR]

trans -Nonachlor mg/kg 0.1 SEO-005 <0.1 54461-6 <0.1 || <0.1 [NR] [NR]

p,p'-DDE mg/kg 0.1 SEO-005 <0.1 54461-6 <0.1 || <0.1 [NR] [NR]

Dieldrin mg/kg 0.1 SEO-005 <0.1 54461-6 <0.1 || <0.1 LCS 85 || [N/T]

Endrin mg/kg 0.1 SEO-005 <0.1 54461-6 <0.1 || <0.1 LCS 88 || [N/T]

o,p'-DDD mg/kg 0.1 SEO-005 <0.1 54461-6 <0.1 || <0.1 [NR] [NR]

o,p'-DDT mg/kg 0.1 SEO-005 <0.1 54461-6 <0.1 || <0.1 [NR] [NR]

beta-Endosulfan mg/kg 0.1 SEO-005 <0.1 54461-6 <0.1 || <0.1 [NR] [NR]

p,p'-DDD mg/kg 0.1 SEO-005 <0.1 54461-6 <0.1 || <0.1 [NR] [NR]

p,p'-DDT mg/kg 0.1 SEO-005 <0.1 54461-6 <0.1 || <0.1 LCS 86 || [N/T]

Endosulfan Sulphate mg/kg 0.1 SEO-005 <0.1 54461-6 <0.1 || <0.1 [NR] [NR]

Endrin Aldehyde mg/kg 0.1 SEO-005 <0.1 54461-6 <0.1 || <0.1 [NR] [NR]

Methoxychlor mg/kg 0.1 SEO-005 <0.1 54461-6 <0.1 || <0.1 [NR] [NR]

Endrin Ketone mg/kg 0.1 SEO-005 <0.1 54461-6 <0.1 || <0.1 [NR] [NR]

2,4,5,6-Tetrachloro-m-xy
lene (Surrogate

% 0 SEO-005 97 54461-6 106 || 107 || RPD: 1 LCS 96 || [N/T]
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QUALITY CONTROL UNITS PQL METHOD Blank Duplicate 
Sm#

Duplicate Spike 
Sm#

Matrix Spike % 
Recovery

OP Pesticides in Soil Base + Duplicate 
+ %RPD

Duplicate + 
%RPD

Chlorpyrifos mg/kg 0.1 SEO-005 <0.1 54461-6 <0.1 || <0.1 LCS 92 || [N/T]

Fenitrothion mg/kg 0.1 SEO-005 <0.1 54461-6 <0.1 || <0.1 [NR] [NR]

Bromofos Ethyl mg/kg 0.1 SEO-005 <0.1 54461-6 <0.1 || <0.1 [NR] [NR]

Ethion mg/kg 0.1 SEO-005 <0.1 54461-6 <0.1 || <0.1 [NR] [NR]

OP_Surrogate 1 %  0 SEO-005 97 54461-6 106 || 107 || RPD: 1 LCS 96 || [N/T]

QUALITY CONTROL UNITS PQL METHOD Blank Duplicate 
Sm#

Duplicate Spike Sm# Matrix Spike % 
Recovery

PCBs in Soil Base + Duplicate + 
%RPD

Duplicate + %RPD

Arochlor 1016 mg/kg 0.1 SEO-005 <0.1 54461-6 <0.1 || <0.1 [NR] [NR]

Arochlor 1221 mg/kg 0.1 SEO-005 <0.1 54461-6 <0.1 || <0.1 [NR] [NR]

Arochlor 1232 mg/kg 0.1 SEO-005 <0.1 54461-6 <0.1 || <0.1 [NR] [NR]

Arochlor 1242 mg/kg 0.1 SEO-005 <0.1 54461-6 <0.1 || <0.1 [NR] [NR]

Arochlor 1248 mg/kg 0.1 SEO-005 <0.1 54461-6 <0.1 || <0.1 [NR] [NR]

Arochlor 1254 mg/kg 0.1 SEO-005 <0.1 54461-6 <0.1 || <0.1 [NR] [NR]

Arochlor 1260 mg/kg 0.1 SEO-005 <0.1 54461-6 <0.1 || <0.1 LCS 112 || [N/T]

Arochlor 1262 mg/kg 0.1 SEO-005 <0.1 54461-6 <0.1 || <0.1 [NR] [NR]

Arochlor 1268 mg/kg 0.1 SEO-005 <0.1 54461-6 <0.1 || <0.1 [NR] [NR]

Total Positive PCB mg/kg 0.9 SEO-005 0.90 54461-6 <0.90 || <0.90 LCS 0.9 || [N/T]

PCB_Surrogate 1 %  0 SEO-005 97 54461-6 106 || 107 || RPD: 1 LCS 97 || [N/T]

QUALITY CONTROL UNITS PQL METHOD Blank Duplicate 
Sm#

Duplicate Spike Sm# Matrix Spike % 
Recovery

Acid Extractable Metals  
in Soil

Base + Duplicate + 
%RPD

Duplicate + %RPD

Cadmium mg/kg 0.1 SEM-010 <0.1 [NT] [NT] LCS 99 || [N/T]

Chromium mg/kg 0.3 SEM-010 <0.3 [NT] [NT] LCS 97 || [N/T]

Copper mg/kg 0.5 SEM-010 <0.5 [NT] [NT] LCS 100 || [N/T]

Lead mg/kg 1 SEM-010 <1 [NT] [NT] LCS 99 || [N/T]

Mercury mg/kg 0.05 SEM-005 <0.05 [NT] [NT] LCS 106 || [N/T]

Nickel mg/kg 0.5 SEM-010 <0.5 [NT] [NT] LCS 99 || [N/T]

Zinc mg/kg 0.3 SEM-010 <0.3 [NT] [NT] LCS 97 || [N/T]

QUALITY CONTROL UNITS PQL METHOD Blank Duplicate 
Sm#

Duplicate Spike Sm# Matrix Spike % 
Recovery

Inorganics Base + Duplicate + 
%RPD

Duplicate + %RPD

pH 1:5 soil:water pH Units AN101 [NT] 54461-1 6.9 || 6.8 || RPD: 1 [NR] [NR]

Sulphate, SO4 1:5 
soil:water

mg/kg 2 SEI-038 <2 54461-1 270 || 190 || RPD: 35 LCS 101 || [N/T]

Total Phosphorus mg/kg 5 SEM-010 <5.0 54461-1 180 ||  [N/T] LCS 105 || [N/T]

Chloride, Cl 1:5 
soil:water

mg/kg 0.5 SEI-038 <0.5 54461-1 98 || 81 || RPD: 19 LCS 101 || [N/T]
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QUALITY CONTROL UNITS PQL METHOD Blank
Moisture 

Moisture %  1 AN002 <1
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Result CodesResult Codes
[INS][INS] :: Insufficient Sample for this testInsufficient Sample for this test [HBG]   :   Results not Reported due to High Background Interference[HBG]   :   Results not Reported due to High Background Interference
[NR][NR] :: Not RequestedNot Requested *           :*           : Not part of NATA AccreditationNot part of NATA Accreditation
[NT][NT] :: Not testedNot tested [N/A]    :   Not Applicable[N/A]    :   Not Applicable

Result CommentsResult Comments

Date Organics extraction commenced:Date Organics extraction commenced: 17/08/0717/08/07
NATA Corporate Accreditation No. 2562, Site No 4354NATA Corporate Accreditation No. 2562, Site No 4354
Note: Test results are not corrected for recovery (excluding Dioxins/Furans* and PAH in XAD and PUF).Note: Test results are not corrected for recovery (excluding Dioxins/Furans* and PAH in XAD and PUF).
This document is issued, on the Client’s behalf, by the Company under its General Conditions of Service available on request and accessible This document is issued, on the Client’s behalf, by the Company under its General Conditions of Service available on request and accessible 
at http://www.sgs.com/terms_and_conditions.htm.  The Client’s attention is drawn to the limitation of liability, indemnification and jurisdiction at http://www.sgs.com/terms_and_conditions.htm.  The Client’s attention is drawn to the limitation of liability, indemnification and jurisdiction 
issues defined therein.issues defined therein.

Any other holder of this document is advised that information contained hereon reflects the Company’s findings at the time of its Any other holder of this document is advised that information contained hereon reflects the Company’s findings at the time of its 
intervention only and within the limits of Client’s instructions, if any.  The Company’s sole responsibility is to its Client and this intervention only and within the limits of Client’s instructions, if any.  The Company’s sole responsibility is to its Client and this 
document does not exonerate parties to a transaction from exercising all their rights and obligations under the transaction documents.document does not exonerate parties to a transaction from exercising all their rights and obligations under the transaction documents.

Quality Control ProtocolQuality Control Protocol
Reagent Blank: Sample free reagents carried through the preparation/extraction/digestion procedure and analysed at the
beginning of every sample batch analysis.  For larger projects, a reagent blank is prepared and analysed with every 20beginning of every sample batch analysis.  For larger projects, a reagent blank is prepared and analysed with every 20
samples.samples.
Duplicate: A separate portion of a sample being analysed which is treated the same as the other samples in the batch.
A duplicate is prepared at least every 10 samples.A duplicate is prepared at least every 10 samples.
Matrix Spike Duplicates: Sample replicates spiked with identical concentrations of target analyte(s).  The spiking occurs
during the sample preparation and prior to the extraction/digestion procedure.  They are used to document the precision andduring the sample preparation and prior to the extraction/digestion procedure.  They are used to document the precision and
bias of a method in a given sample matrix.  Where there is not enough sample available to prepare a spiked sample, anotherbias of a method in a given sample matrix.  Where there is not enough sample available to prepare a spiked sample, another
known soil/sand or water (or Milli-Q water) may be used.  A duplicate spiked sample is prepared at least every 20 samples.known soil/sand or water (or Milli-Q water) may be used.  A duplicate spiked sample is prepared at least every 20 samples.
Surrogate Spike: Added to all samples requiring analysis for organics (where relevant) prior to extraction.  Used to
determine the extraction efficiency.  They are organic compounds which are similar to the target analyte(s) in chemicaldetermine the extraction efficiency.  They are organic compounds which are similar to the target analyte(s) in chemical
composition and behaviour in the analytical process, but which are not normally found in environmental samples.composition and behaviour in the analytical process, but which are not normally found in environmental samples.
Internal Standard: Added to all samples requiring analysis for organics (where relevant) after the extraction process; the
compounds serve to give a standard of retention time and response, which is invariant from run-to-run with the instruments.compounds serve to give a standard of retention time and response, which is invariant from run-to-run with the instruments.
Control Standards: Prepared from a source independent of the calibration standards.  At least one control standard is
included in each run to confirm calibration validity.included in each run to confirm calibration validity.
Additional QC Samples: A calibration standard and blank are run after every 20 samples of an instrumental analysis run to assess analytical drift.
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Quality Assurance / Quality Control 
Preliminary Geotechnical Investigation 
Hexham 
 
Quality Assurance (QA) was maintained by: 

• Compliance with a Project Quality Plan written for the objectives of the study; 

• Using qualified engineers to undertake the field supervision and sampling; 

• Following the Douglas Partners Pty Ltd (DP) operating procedures for sampling, field testing 
and decontamination as presented in Table 1; 

• Using NATA registered laboratories for sample testing, that generally utilise standard laboratory 
methods of the US EPA, the APHA and NSW EPA.  

 
Table 1:  Field Procedures 

Abbreviation Procedure Name 

FPM LOG Logging 

FPM DECONT Decontamination of Personnel and Equipment 

FPM ENVID Sample Identification, Handling, Transport and Storage of Contaminated 
Samples 

FPM PIDETC Operation of Field Analysers 

FPM ENVSAMP Sampling of Contaminated Soils 
(from DP Field Procedures Manual) 

 
Quality Control (QC) of the laboratory programme was achieved by the following means: 

• Check replicate - a specific sample was split in the field, placed in separate containers and 
labelled with different sample numbers, and sent to the laboratory for analysis; 

• Method blanks - the laboratory ran reagent blanks to confirm the equipment and standards 
used were uncontaminated;  

• Laboratory replicates - the laboratory split samples internally and conducted tests on separate 
extracts;  

• Laboratory spikes - samples were spiked by the laboratory with a known concentration of 
contaminants and subsequently tested for percent recovery; 

 
DISCUSSION 
 
A. Check Replicate 
 
The Relative Percent Difference (RPD) between replicate results is used as a measure of laboratory 
reproducibility and is given by the following: 



 Page 2 of 3 

 

Preliminary Geotechnical Investigation, Train Support Facility Project 39798.08
Hexham May 2012

 

100 x 
2)/2result  plicateRe1result  (Replicate

2)result  Replicate 1result  (Replicate ABS RPD
+

−
=  

The RPD can have a value between 0% and 200%. An RPD data quality objective of up to 50% is 
generally considered to be acceptable for organic analysis, and 35% for inorganics (i.e. Metals). 
 
A summary of the results of the soil replicate QA/QC testing is provided in Table 2. 
 
Table 2:  Results of Quality Control Analysis 

Analyte 
Pit 28/0.1 D1 

RPD 
(%) 

Metals As 7 4 55 
 Cd 0.3 0.1 100 
 Cr 8 14 55 
 Cu 18 11 48 
 Pb 20 9 76 
 Hg 0.06 0.05 18 
 Ni 13 13 0 
 Zn 140 36 118 
TRH C6 - C9 <20 <20 N/A 
 C10 - C14 23 <20 N/A 
 C15 - C28 290 250 15 
 C29 - C36 170 170 0 
BTEX Benzene <0.5 <0.5 N/A 
 Toluene <0.5 <0.5 N/A 
 Ethyl Benzene <0.5 <0.5 N/A 
 Xylene <1.5 <1.5 N/A 
PAH Total PAHs 1.69 1.68 1 
 Benzo(a)pyrene 0.09 0.08 12 
OCPs Total OCPs <PQL <PQL N/A 
 Aldrin + Dieldrin <PQL <PQL N/A 
 Chlordane <PQL <PQL N/A 
 DDT <PQL <PQL N/A 
 Heptachlor <PQL <PQL N/A 
OPPs <PQL <PQL N/A 
PCBs <PQL <PQL N/A 
pH 1:5 soil:water 6.1 7.1 15 
Sulphate, SO4 21 200 162 
Total Phosphorus 430 360 18 
Chloride, Cl 81 580 151 

Notes to Table 2: 
Results expressed in mg/kg on dry weight basis 
PQL - Practical Quantitation Limit 
N/A - Not Applicable 
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The average RPD’s were generally within the acceptable limits. Some metals and nutrients in soil 
contained elevated RPD’s (up to 162%). Slightly elevated RPD’s were also found for some organic 
analytes. Elevated RPD’s can be attributed to heterogeneity of the fill materials analysed, together 
with relatively low contaminant concentrations in soil for some analytes (ie. small differences in 
concentrations) resulting in high RPD’s, The results of replicate analysis are therefore generally 
considered acceptable. 
 
 
B. Method Blanks 
 
All method blanks returned results lower than the laboratory detection limit, therefore are acceptable. 
 
 
C. Laboratory Replicates 
 
The average RPD for individual contaminants ranged from 0% to 35%, which is considered to be 
within acceptable limits. 
 
 
D. Laboratory Spikes 
 
Recoveries in the order of 70% to 130% are generally considered to be acceptable. The average 
percent recovery for individual organic contaminants ranged from 69% to 112% which is generally 
within the quality control objectives. The results should however be qualified and may slightly under-
estimate or over-estimate contaminant concentrations in certain samples (i.e. biased low or high 
respectively). 
 
 
Conclusions 
 
In summary, it is noted that the magnitude of RPDs for field replicates (i.e. blind replicates) are 
generally higher than those for laboratory replicates.  Field replicate results generally show greater 
variability than laboratory replicates, because they measure both field and laboratory reproducibility. 
 
The accuracy and precision of the soil testing procedures, as inferred by the QA/QC data is 
generally considered to be of sufficient standard to allow the data reported to be used to interpret 
site contamination conditions. 
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Appendix F 
 
Geotechnical Assessment of Embankment Settlement and Stability 
Train Support Facility 
Hexham 
 
 
 
1. Introduction 
 
This report presents the results of a geotechnical assessment for a proposed rail siding and 
provisioning and maintenance facility situated off Woodlands Close, Hexham.  The work was 
undertaken at the request of QR National. 
 
This report supersedes the report on the geotechnical assessment, ref 39798.01, 19 March 2008, 
prepared for Queensland Rail. 
 
It is understood that the first stage of the development will include the construction of the following: 

• Temporary provisioning and fuelling facility; 

• Two new rail embankments from Ch 177241 m to Ch 179917 m.  
 
At this stage, it is understood that the rail embankments will be constructed and allowed to settle for 
a period of about six months to one year. Following the initial settlement, the rail track and ballast 
will be installed and the subsequent settlement will be accommodated by periodic re-levelling of the 
rail track, as required. 
 
The purpose of this assessment was to provide the following: 

• Estimation of the initial settlement over a period of six months to one year based on the long 
section (cut and fill depths) provided; 

• Estimation of the long term (residual) settlement following construction of the rail track; 

• Stability analysis of the rail embankment. 
 
This report was prepared on the basis of geotechnical data presented in the Report on Preliminary 
Geotechnical Investigation, ref 39798, October 2007 which is now superseded by the Report on 
Preliminary Geotechnical Investigation, ref 39798.08 May 2012. 
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2. Rail Embankment Loads 
 
The formation levels of the proposed rail embankment were provided in a long-section by the client. 
The formation level along the majority of the rail siding is RL 2.65 AHD but reduces in elevation at 
each end of the alignment to tie into the Great Northern Railway (RL 1.4 m AHD southern end and 
1.46 m AHD northern end).  
 
It is understood that the rail level will be an additional 0.65 m above the formation level and that the 
proposed buildings will be at rail level (ie 3.3 AHD). The additional pressure associated with the 
ballast / rail is about 10 kPa to the top of the formation level; this load has been ignored in the 
analysis to account for some of the preconsolidation pressure of the underlying clays. 
 
The load applied by the trains onto the formation has not been considered in this assessment as the 
load is considered as a transient load and will not stress the underlying compressible clays for 
sufficient time to allow significant consolidation.  Cyclic creep from repeated load by the trains has 
also been ignored in the analysis.  It is considered that strain associated with cyclic creep would be 
within the order of accuracy of the settlement estimates associated with consolidation of the 
underlying clays. 
 
It has also been assumed that the existing filling associated with the former coal preparation plant 
has consolidated the underlying clays. The bulk of the filling has been in place for a period of greater 
than 30 years. There is a possibility that creep settlement may still be occurring but compared to the 
settlement associated with the remaining parts of the site, the residual settlements are likely to be 
minor.  In this regard the strength of the underlying clays in areas where existing fill is situated show 
strength gain has occurred which confirms that primary settlement has also occurred.  
 
The weight of the proposed filling embankment has been based on a compacted unit weight 
20 kN/m3. 
 
The settlement along the rail embankment was estimated generally at 100 m intervals. It should be 
noted that the testing undertaken for the preliminary assessment was not undertaken at this 
frequency. The settlement analysis was based on interpolation between data points and is therefore 
considered approximate.  
 
Based on the above, settlement analysis at each location along the rail embankment was based on 
the following relationships: 

• Load on foundation = (Top of Formation level – Current Surface Level) x 20 kN/m3. 
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3. Settlement of Unimproved Site 
 
The settlements of an unimproved site (ie site not subject to ground improvement works) under the 
above loads were estimated for the centrelines of the rail embankment as indicated on the long-
section provided by the client.  The settlements were estimated using conventional 1-D consolidation 
theory, with soil compressibility values derived from CPT qc values, and previous laboratory test 
results. 
 
The settlement is caused by consolidation of the clay, which generally occurs in three phases: 

• Initial undrained elastic settlement; 

• Primary consolidation - a volume decrease associated with dissipation of load-induced excess 
pore water pressures, in low permeability soils (ie clays). This process can take some time, and 
the rate is very dependent on the length of the drainage path; 

• Secondary consolidation - involving rearrangement of the soil particles, without excess pore 
pressure, and is less dependent on the magnitude of load; also referred to as creep. 

 
There are differing opinions on when creep commences: at the same time as primary consolidation, 
at some point during primary consolidation, or following substantial completion of primary 
consolidation. The analyses in this report assume that creep commences at about 90% of primary 
consolidation. 
 
One dimensional consolidation estimates from CPT data were based on correlations between cone 
tip resistance (qc or qt) and constrained modulus (M): 
 
 M = α.qc = 1 / mv, where mv is the coefficient of volume compressibility. 
 
The following values of α were adopted (Refs 1 and 2): 
 

Clay with qc < 0.5 MPa: α = 3 
Clay with qc > 0.5 MPa: α = 4 
Sand: α = 6 

 
The following consolidation parameters were also adopted and are based on previous laboratory 
test results at this site and adjacent sites. 
 
Table 1:  Summary of Adopted Soil Parameters 

Property 
Upper Silty Sandy 

Clay /Clayey 
Sand 

Clay/Silty Clay Clay 

Bulk Density γb (kN/m3) 18 17 17 

Strength Ratio su/p'o 0.20 0.25 0.25 

Creep rate Cα(%) 1 1.5 1.5 

cv Before Preload (m2/yr) 5 2.5 2.5 
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At each CPT location a time-settlement plot was determined for an unimproved site.  Figure 1 shows 
the settlement estimates at 0.5 years and 1 year following placement of filling and are compared to 
the total estimated settlement over 25 years.  
 

Figure 1 - Estimated Settlement of Unimproved site along Rail Alignment
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Figure 2 shows the post construction (residual) settlement of the rail embankment up to 25 years 
after the initial settlement 
 

Figure 2 - Estimated Settlement of Unimproved site along Rail Alignment
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Based on the above plots, the largest expected settlement along the rail alignment will be between 
Ch 176000 m and 176700 m. This area correlates to the area where pre-existing filling has not been 
placed and the proposed fill height is greatest. This area is also situated in the area where the 
underlying clays are weaker in strength. 
 
The magnitude and rates of settlements are estimates only. It is essential that the preload 
performance be monitored by geotechnical instrumentation installed prior to placing the fill and 
preload.  These instruments would comprise settlement monitoring plates (SMP) installed on a 
regular grid.  The SMPs would require survey levelling by registered surveyors at the time of 
installation and at selected time intervals during filling operations. SMPs generally provide valuable 
data on the magnitude and rate of settlement, which then help to refine post-construction settlement 
estimates. 
 
 
 
4. Stability Assessment 
 
The geometry of the embankment is controlled by the required height of the embankment, water 
level and the batter slopes required to provide acceptable factors of safety against slope instability.   
 
The slope stability is controlled by the upper soft clay, which varies in strength and thickness across 
the site.  For the purposes of the stability assessment, the stability of the rail embankment was 
assessed in the area where the clays were weakest and the height of the embankment is greatest 
(ie between Ch 176000 m and 176700 m). 
 
The soil parameters adopted for initial conditions are presented in Table 2 below. 
 
Table 2:  Initial Soil Parameters used for Stability Analyses 

Material 
Bulk 

Density 
(kN/m3) 

Friction 
Ratio, 
 φ (o) 

Undrained 
Shear 

Strength, su  
(kPa) 

Comments 

Embankment 
Material 

18 32 - Fill material not known – 
assume granular fill  

Upper Crust of 
Natural Material 

18 - 25 Up to 1 m below ground 

Lower Soft Clay 17 - 5 Greater than 1 m 
Strength increases with depth by 

1.8 kPa/m 

 
The geometry and load applied to the fill embankment was based on the following: 

• Fill height – 2.0 m; 

• Batter slope – 2.5 H:1V. 
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The slope stability assessment was undertaken using the program Slope/W Ver 2007. 
 
The results of the analysis are shown in Figure 3 below and indicate that the factor of safety against 
slope failure during preload is 1.5 which is considered satisfactory for no load at crest. 
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Figure 3:  Results of Stability Analysis (no ground improvement, no load at crest) 
 
The stability of the embankment following preload was estimated. The stability of the embankment 
(with train loads) will be a function of the amount of strength gain the underlying clays have achieved 
during the partial preload. 
 
The consolidation and hence strength gain of the upper clay profile (critical for the stability 
assessment) was based on methods presented by Lambe & Whitman (1969) and the parameters 
presented in Table 1. Based on the results of the analysis, the degree of consolidation of the upper 
3 m of soft clay after a period of 1 year was estimated to be about 50%. 
 
The strength gain in the clay after full consolidation was calculated based on the following 
relationship between effective overburden stress and undrained shear strength: 
 

su = 0.25σv’ 
 
Based on the above relationship and 50% strength gain within the soft clay after a period of 1 year, 
the strength of the upper 3 m of the soft clay due to a fill height of 2 m was estimated to be about 
10 kPa.  
 
The factor of safety was reassessed after a period of one year when the clays have partially 
consolidated and using a shear strength of 10 kPa. The analysis was also based on additional load 
applied at the crest of the embankment due to the load of a train. In this regard, without details on 
train loads, a value of 60 kPa (positioned at least 1 m from the shoulder of the embankment) was 
assumed in the analysis for the stress applied by the train loads onto the fill embankment. 
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The results of the stability analysis are presented in Figure 4 and indicate that the factor of safety 
following 1 year preload is about 1.3. 
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Figure 4:  Results of Stability Analysis (following 1 year preload) 
 
A factor of safety against slope failure of greater than 1.5 is generally considered the minimum 
acceptable for long term structures. The results of the above analysis suggest that a factor of safety 
of only 1.3 will be achievable following partial preload after 1 year and less if the preload is in place 
for a period of only 6 months. The factor of safety will increase over time to about 1.5 after the clay 
fully consolidates.  
 
There are several options QR National can take with regard to the lower factor of safety; these are 
discussed below: 

1. Do nothing – Accept the lower factor of safety and higher risk associated with slope instability 
until the upper clays have consolidated and sufficient strength gain has been achieved (ie about 
5 to 8 years). 

2. Placement of an additional 1 m to 2 m surcharge onto the fill embankment to increase the 
strength gain in the upper clays at the completion of partial preload and improve the long-term 
factor of safety. The short term factor of safety (ie during preload) will reduce to about 1.1 to 1.2 
until strength gain is achieved. Careful monitoring of the fill embankment (via inclinometers) 
would be required to ensure slope failure does not occur during construction. 

3. Install wick drains in the upper 5 m to 6 m of the clay profile to increase the consolidation rate 
and strength gain within the clay. The installation of wick drains will also aid with reducing long 
term settlement of the fill embankment. Further analysis would be required to optimise the depth 
and spacing of the wick drains if this option is considered. 
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4. Provide berm adjacent to rail embankment – Placement of a stabilising berm at the toe of the 
proposed embankment could be undertaken to improve the factor of safety against slope 
instability. The stabilising berm should be about 1 m high and 3 m wide at the toe of the 
embankment. The factor of safety against slope instability would increase to 1.4 in the short term 
which may be considered marginally acceptable. 

5. Ground improvement options such as those presented in the DP report on the Preliminary 
Geotechnical Investigation, ref 39798.08 May 2012, ie deep soil mixing, stone columns or 
vacuum consolidation will increase the factor of safety against slope failure. Further analysis will 
be required if these options are considered. 

 
The percentage of consolidation and thus strength gain can be gauged from pore pressure 
monitoring, however it is recommended that cone penetration testing be undertaken following 
preload, to confirm the predicted strength gain prior to allowing trains to use the rail embankment. 
 
 
 
5. References 
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Yours faithfully 
Douglas Partners Pty Ltd Reviewed by
 
 
 
Scott McFarlane John Harvey
Senior Associate Principal
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Appendix G 
 
Preliminary Geotechnical Investigation 
Upgrade of Tarro Interchange 
New England Highway, Tarro / Hexham 
 
 
 
1. Introduction 
 
This report presents the results of a geotechnical investigation for a proposed new road 
embankment between the Tarro interchange and Woodlands Close, Tarro, NSW. The work was 
carried out at the request of QR National. 
 
It is understood that a new access road is proposed to connect the existing Tarro interchange with 
the QR National Train Support Facility (TSF). 
 
A geotechnical investigation is required to assess subsurface conditions and to provide advice on 
the following: 

• Settlement of the proposed embankment; 

• Stability of the proposed embankment; 

• Comments on ground improvement options to reduce construction time, instability of the batters 
and long-term settlement. 

 
The investigation consisted of test bores and cone penetration tests (CPTs), in situ soil sampling 
and strength testing together with laboratory testing and engineering analysis. The results are 
presented in the report, together with geotechnical advice on design and construction. 
 
The field investigations were undertaken along an alignment that has since been changed.  This 
report is based on the testing results from the superseded alignment and, therefore, the comments 
are preliminary. 
 
For the purpose of the investigation, the client supplied a current general arrangement plan, 
longitudinal and cross-sections of the proposed alignment (Ref ENG-0389-101 by Engenicom Pty 
Ltd / QR National) dated 26 April 2012. 
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2. Site Description 
 
The site is located on the southern side of the New England Highway between Tarro and Hexham 
and covers the following areas: 
 
Existing Tarro Interchange 
 
The existing Tarro interchange comprised a concrete bridge spanning over the New England 
Highway with an earth-filled embankment on either end. The site of the geotechnical investigation is 
situated at the southern abutment (Figure 1). The earth filled embankment is about 8 m high and has 
grassed batters of between 2.5H:1V to 3H:1V. A row of semi mature trees is located at the eastern 
toe of the fill embankment. 
 
The site was accessed via a temporary access road which comprised rubber tyres filled with gravel 
“Ecopave”. 
 

 
Figure 1:  Southern Abutment of Tarro Interchange 
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Figure 2:  Road leading off the southern embankment of the interchange 
Between Tarro Interchange and Woodlands Close 
 
The area situated between the interchange and Woodlands Close comprises relatively flat grassed 
paddocks. The surface was saturated at the time of the investigation resulting in difficulties gaining 
access to test locations with rubber tyred vehicles.  The Chichester pipeline bisects the access road 
in a north-south direction. 
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Figure 3:  Area between gravel access road and the eastern side of the interchange 
embankment 
 

  
Figure 4:  Low lying grassed paddock between the Interchange and Woodlands Close 
(Old Maitland Road) 
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The 1:100000 scale Newcastle Coalfield Regional Geology map (Sheet 9321), published by the 
Department of Mineral Resources, indicates that the site is underlain by Quaternary Alluvium. The 
alluvium typically comprises unconsolidated sediments deposited in a fluvial or estuarine 
environment, and includes gravel, sand, silt and clay. 
 
 
 
3. Field Work 
 
3.1 Methods 
 
General 
 
The field work for the investigation was undertaken between 15 July 2007 and 18 July 2007, and 
comprised hand auger bores, drilling of bores and cone penetration tests (CPT). 
 
The CPTs were set out at locations which were accessible to the truck mounted rig. Two additional 
CPTs were proposed but due to poor access, hand augers, together with hand shear vane and 
dynamic penetrometer testing were undertaken.   
 
The tests were set out from existing site features such as boundary fences.  The test locations are 
presented on Drawing 1-2, Appendix H.  The position of the bores and pits were based on the 
development that was proposed in 2007. 
 
An underground service locator was engaged to check test locations for potential underground 
services. The main services in the area included high pressure gas, Telstra, water (Chichester pipe 
line) and major optic (Telstra and Optus). 
 
Cone Penetration Testing 
 
A total of five CPTs were carried out to depths ranging from 2 m to 7.2 m, and were terminated 
upon. 
 
The tests were carried out using a custom-built, truck-mounted CPT rig, with centrally located 
hydraulic rams.  The cones were advanced at a constant rate of approximately 20 mm/second and a 
digital data acquisition system recorded cone tip resistance, friction sleeve resistance, inclination 
from vertical and encoded depth at measurement intervals of 20 mm. 
 
Test Bores 
 
A total of five bores (Bores 501 to 505) were drilled along Woodlands Close to assess the thickness 
of the existing pavement and subgrade conditions.  The bores were drilled using a bobcat with 225 
mm diameter auger attachment to depths of about 1.2 m. 
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Hand Augers 
 
A total of eight hand-augur test bores (Bores 401, 404, 405 and 501b, to 505b) were drilled in areas 
where the drilling rig could not gain access due to wet and boggy conditions.   
 
Bore 401 was drilled on the western site of the existing embankment at the Tarro interchange, Bores 
404 and 405 were drilled within a grass paddock along the proposed road alignment between 
Woodlands Close and Tarro Interchange.  Bores 501b to 505b were drilled near the toe of the 
existing road embankment along Woodlands Close  
 
The bores were drilled to depths ranging between 1.2 m and 1.9 m.  
 
 
3.2 Results 
 
The subsurface conditions encountered are presented in detail in the attached borehole logs and 
CPT charts. The CPT charts show the measured parameters, together with an inferred strata 
description, based on published correlations. The charts and bores should be read in conjunction 
with the notes in Appendix A, which explain the descriptive terms and classification methods used in 
the logs. 
 
The following is a summary of the subsurface conditions encountered in the bores / CPT. The 
summary of the subsurface conditions has been divided into two areas as presented below: 
 
Woodlands Close (Bores 501 to 505 and 501b to 505b) 
 
Bore 501 to 505 were drilled near the centre of Woodlands Close through the existing pavement. 
 
The pavement profile along Woodlands Close generally comprised a spray seal wearing course 
overlying brown or black silty sandy gravel (basecourse) to depths of 0.18 m to 0.3 m. Clayey gravel 
comprising slag was encountered beneath the basecourse to depths of between 0.55 m and 0.8 m 
and was generally overlying natural clay or silty clay.  Clay filling however, was encountered to 1.2 m 
depth at Bore 501. 
 
Based on the results of the dynamic penetrometer and pocket penetrometer tests the underlying 
clay was firm to stiff to the depth of investigation (about 1.2 m). Some organics were encountered 
beneath the filling at Bores 501 and 505. 
 
Bores 501b to 505b were drilled at the toe of the fill embankment along Woodlands Close.  
 
Subsurface conditions in Bores 501b to 505b comprised topsoil to a depth of about 0.1 m overlying a 
firm to stiff clay / sandy clay which reduced in strength to generally firm below depths of about 0.4 m 
to 0.8 m at a similar level to the groundwater measurements. Soft clay was encountered in Bore 
505b below depths of 1.6 m. 
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Groundwater was encountered in Bores 501b to 505b at depths of between 0.5 m to 0.9 m but the 
groundwater level rose to 0.28 m in Bore 502b after a period of about 15 minutes.  
 
Proposed Embankment (Bore 401, 404 and 405, CPT 402, 403, 406, 407 and 407A) 
 
The subsurface conditions at the bores and CPTs along the that was proposed in 2007 alignment 
comprised a thin layer of filling (CPT 402, 403, 406, 407 and 407A) to a depth of 0.3 m to 0.7 m.  
Topsoil was encountered in Bores 401, 404 and 405.  The natural profile beneath the filling and 
topsoil comprised generally firm, firm to stiff or stiff clay to depths of between 1 m and 1.9 m. Very 
stiff to hard clay was encountered beneath the firm to stiff clay and continued to the depth of 
investigation where refusal was encountered at each location suggesting weathered bedrock.  A 
summary of the results are presented in Table 1 below: 
 
Table 1:  Summary of Subsurface Conditions  

Test 
Location 

Depth of Filling / Topsoil 
(m) 

Thickness of 
Firm to Stiff 

Clay 
(m) 

Depth of CPT or 
DPT Refusal  

(m) 

Groundwater 
Observations 

Bore 401 Topsoil to 0.05 m 0.95 1.65 Not observed 

CPT 402 Granular Filling to 0.4 m 1.2 4.78 Hole Collapse 
at surface 

CPT 403 Granular filling to 0.4 m 0.8 7.22 0.5 m 

Bore 404 Topsoil to 0.05 m 1.2 1.95 0.28 m 

Bore 405 Topsoil to 0.05 m 1.4 1.95 0.4 m 

CPT 406 Filling to 0.8 m 1.2 5.78 0.7 m 

CPT 407 Filling to 0.3 m 1.5 2.0 0.2 m 

CPT 407A Filling to 0.4 m 1.2 2.16 0.2 m 
 
The regional groundwater level is typically shallow relative to the natural ground surface. The data 
indicates that ground water levels are typically around 0 m to about 1 m below ground level. The 
groundwater measurements however may not represent a standing groundwater level as 
measurements are typically made upon the completion of testing and in low permeability soils there 
is insufficient time for water to enter the borehole, CPT hole prior to backfilling/collapse. In order to 
obtain accurate water levels, standpipes or piezometers installed in boreholes are required and 
should be monitored once levels have had sufficient time to stabilise. 
 
Due to the above features, and with climatic variations, water levels within the site will be transient 
and also vary across the site. 
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4. Laboratory Results 
 
Samples were submitted to the Douglas Partners Newcastle laboratory for California bearing ratio 
(CBR) and standard compaction testing. Detailed results are attached and are summarised in Table 
2.  
 
Table 2:  Results of Laboratory Testing 

Test Location Depth 
(m) Description FMC 

(%) 
MDD 
(t/m3) 

OMC 
(%) 

CBR 
(%) 

503b 0.2 - 0.5 Clay – Grey Brown 43.2 1.36 31.0 2.0 

505 0.75 - 1.2 Clay – brown trace sand/gravel 59.1 1.27 36.5 6 
Notes to Table 2: 
FMC – Field Moisture Content 
OMC – Optimum Moisture Content  
MDD – Maximum Dry Density 
CBR – California Bearing Ratio 
Significant features to note with the laboratory testing is that field moisture contents are 12.2% 
(Bore 503B) and 22.6% (Bore 505) greater than optimum moisture content. 
 
 
 
5. Comments 
 
5.1 Road Embankment Loads 
 
Analysis was carried out for the data obtained in 2007 for the road alignment proposed at that time.  
The analysis described in the following sections refers to the superseded alignment. 
 
The finished surface level of the proposed road embankment was provided in a long-section by 
Engenicom. The surface level at the Tarro intersection is about RL 10.5 to 11 AHD and reduces in 
elevation to 1.8 AHD over a distance of about 200 m. From Ch 170 m to Ch 1580 the surface level 
of the finished road embankment is about RL 1.8 AHD (i.e. 0.6 m to 1.7 m above current ground 
levels).  
 
The load applied by the vehicular loads onto the formation has not been considered in the 
settlement analysis as the load is considered as a transient load and will not stress the underlying 
compressible clays for sufficient time to allow significant consolidation.  The traffic loads, however, 
have been considered in the short term stability analysis.  A surcharge load of 20 kPa was adopted 
for the short term stability analysis. 
 
The settlement along the road embankment was estimated generally at 40 m intervals between Ch 0 
and Ch 200. The settlement analysis was based on interpolation between data points and is 
therefore considered approximate.  
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The weight of the proposed filling embankment has been based on a compacted unit weight 
20 kN/m3.  The settlement analysis at each location along the road embankment was therefore 
determined as: 
Load on foundation = (Finished Surface level – Current Surface Level) x 20 kN/m3. 
 
 
5.2 Settlement of Road Embankment 
 
The settlement of an unimproved site under the above loads were estimated for the centrelines of 
the rail embankment as indicated on the long-section provided by the client.  The settlements were 
estimated using conventional 1-D consolidation theory, with soil compressibility values derived from 
CPT qc values, and previous laboratory test results. The layer thicknesses from the bores were also 
used in the analysis. 
 
The settlement is caused by consolidation of the clay, which generally occurs in three phases: 

• Initial undrained elastic settlement; 

• Primary consolidation - a volume decrease associated with dissipation of load-induced excess 
pore water pressures, in low permeability soils (i.e. clays). This process can take some time, 
and the rate is very dependent on the length of the drainage path; 

• Secondary consolidation - involving rearrangement of the soil particles, without excess pore 
pressure, and is less dependent on the magnitude of load; also referred to as creep. The 
stiffness of the clay that was encountered at each test location (Tests 401 to 405) suggests that 
secondary consolidation is likely to be minor. 

 
One dimensional consolidation estimates from CPT data were based on correlations between cone 
tip resistance (qc or qt) and constrained modulus (M): 
 
 M = α.qc = 1/mv, where mv is the coefficient of volume compressibility. 
 
The following values of α were adopted: 
 

Clay with qc < 0.5 MPa: α = 3 
Clay with qc > 0.5 MPa: α = 4 
Sand:    α = 6 

 

The following consolidation parameters were also adopted based on previous laboratory test results 
at this site and adjacent sites. 
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Table 3:  Summary of Adopted Soil Parameters 

Property Clay – Firm to Stiff Clay/Sandy Clay – 
Very Stiff to Hard 

Bulk Density γb (kN/m3) 17 21 

Creep rate Cαε(%) 0.1 0.0 

Coefficient of Vertical consolidation  
 cv (m2/yr) 2.0 2.0 

 
At each CPT location a time-settlement plot was determined for an unimproved site.  Figure 1 shows 
the settlement estimates at 3 months and following placement of filling and are compared to the total 
estimated settlement over 25 years and the total post construction settlement following 3 months.  
 

 
 
Based on the above plot, the largest expected settlement along the road embankment will be 
between Ch 35 m and 80 m. This area correlates to the area where the depth of proposed filling is 
greatest (about 10 m high) which would subject a load of about 200 kPa onto the foundation soils.  
 
Based on thickness of clay encountered at Bore 401 and CPT 402/403, it is considered that the 
natural clay beneath the existing Tarro interchange has already consolidated due to the load applied 
by the existing embankment. Accordingly, any additional settlement of the existing embankment will 
only be associated with the placement of additional filling over the existing batters of the 
embankment. The thickness of the fill on the batters therefore reduces toward the centre of the 
existing embankment and therefore settlement will reduce. 
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Based on the results presented in Figure 1, it is expected that post construction settlements of up to 
30 mm to 40 mm can be accommodated and ground improvement is unlikely to be required for the 
proposed road. 
 
 
5.3 Stability of Road Embankment 
 
The geometry of the embankment is controlled by the required height of the embankment, water 
level and the batter slopes required to provide acceptable factors of safety against slope instability.   
The slope stability is controlled by the upper firm or firm to stiff clay.  For the purposes of the 
assessment, the stability of the road embankment was assessed in the area where the clays were 
weakest and the height of the embankment is greatest (i.e. between Ch 35 and 80 m). 
 
The soil parameters adopted for initial conditions are presented in Table 4 below. 
 
Table 4:  Initial Soil Parameters used for Stability Analyses 

Material 
Bulk 

Density 
(kN/m3) 

Internal 
Friction 

 φ (o) 

Undrained 
Shear 

Strength, su  
(kPa) 

Comments 

Embankment 
Material 

22 34o - Fill material not known – 
assume granular fill such 
quarry overburden 

Upper Firm to Stiff 
Clay 

19 - 35 Up to 1.5 m below natural 
ground 

Lower Hard Clay 21 - 400 Greater than 1.5 m  
 
The geometry and load applied to the fill embankment was based on the following: 

• Fill height – 10.0 m; 

• Batter slope – 2.5 H:1V. 
 
The slope stability assessment was undertaken using the program Slope/W Ver 2007.  
 
The results of the analysis indicate that the factor of safety against slope failure is 1.40 which is 
slightly below the normally accepted factor of safety of 1.5 for long – term structures. The factor of 
safety increases to greater than 1.5 for embankment heights of less than 6 m.  
 
The stability was reanalysed for a batter slope 3H:1V.  The results of the analysis indicated a factor 
of safety of 1.6, as shown in Figure 2, which was considered acceptable.   
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Figure 2:  Results of Stability Analysis (3H:1V batters) 
 
In summary, the results of the analysis indicate that for embankments greater than 6 m in height, the 
batter slope should be no steeper than 3H:1V and for embankments less than 6 m in height, batters 
should be no steeper than 2.5H:1V. 
 
Yours faithfully 
Douglas Partners Pty Ltd Reviewed by
 
 
 
Scott McFarlane John Harvey
Senior Associate Principal
 
Attachments:  Borehole Lots (Bore 401, 404, 405, 501 to 505, 501b to 505b) 
 CPT Plots (CPT 402, 403, 406, 407 and 407A) 
 Results of Dynamic Penetrometer Tests 
 Laboratory Test Results 
 



















































 

 

 
 
 
 

Appendix H

Figure 2 – Proposed Arrangement – Train Support Facility 
(WorleyParsons) (Sheet 1 of 2 and Sheet 2 of 2)

Drawing 1-1 – Location of Previous Investigations 
Drawing 1-2 – Test Location Plan

Drawing 1- 3 – Section A-A
Areas of Disturbance Cut – Drawings 2216395-16-FIG-

C0002 (GHD) – Rev 4 – 10 October 2012
Areas of Disturbance of Fill – Drawings 2216395-16-FIG-

C0003 (GHD) – Rev 2 – 26 September 2012
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