
                                                 
 
 
 
 
 
 

Edwards Blasche Group Pty Ltd   ABN  54 085 829 250 
             Environmental Geoscience      

Occupational Hygiene      
Technical Consultants 

 

 

 
 

 

 
 

STAGE 2 DETAILED SITE 
INVESTIGATION (DSI) 

(Including Stage 1 PSI information) 

  
Proposed Development 

‘The Boathouse’ 
Governor Phillip Park 

Palm Beach NSW 2108 
 

Part of Lot 7005  in DP 1117451 
 

 
 

Prepared for: 
Blue Pacific Constructions Pty Ltd 

 
 

(Report ID : EBG-02853.Stage2.DSI.09.20.R01) 
 
         
          

         Issued 9 October 2010 
Revised 9 February 2021 

 
 

This document has been prepared by EBG for the specific use at the above address. This document or any part thereof shall 
not be used at any other site, works or by any company or party not associated with the above works. 

ã ALL RIGHTS RESERVED BY THE AUTHOR - UNAUTHORISED REPRODUCTION OR COPYING STRICTLY PROHIBITED 
 

 
EBG Environmental Geoscience (Edwards Blasche Group Pty Ltd) 

PO Box 5069, Gwandalan  2259   Ph: +61 (0)419 997 778   http://www.ebgroup.com.au 



 
 

 
‘The Boathouse’, Governor Phillip Park, Palm Beach NSW 2108 (EBG-02853.Stage2.DSI.09.20.R01)                    Page  2 

 
 

CONTENTS 

EXECUTIVE SUMMARY .............................................................................................. 6 
SECTION 1:  INTRODUCTION .................................................................................... 8 

1.1 Authorization ................................................................................................................... 8 
1.2 Scope of Work - Consultants Brief ................................................................................. 8 
1.3 Limitations of the Report ................................................................................................ 8 

SECTION 2:  PHYSICAL & SITE INFORMATION ........................................................ 9 
2.1 Site Identification ............................................................................................................ 9 
2.2 Soil Landscape & Geology ............................................................................................. 9 
2.3 Topography and Hydrogeology .................................................................................... 10 
2.4 Acid Sulfate Soil Risk .................................................................................................... 11 
2.5 Zoned Land Use ........................................................................................................... 11 
2.6 Dryland Salinity ............................................................................................................. 11 
2.7 SafeWork NSW Site Search (Dangerous Goods on Premises) .................................... 11 
2.8 EPA PFAS* Investigation Program ................................................................................ 11 
2.9 Title and Air Photo Discussion ...................................................................................... 12 
2.10 EPA NSW Contaminated Land Database ................................................................... 12 
2.11 Proposed Development .............................................................................................. 12 
2.12 LGA Planning Certificate 10.7(2) ................................................................................. 12 

SECTION 3: SITE INSPECTION ................................................................................ 13 
4.1 Building Condition, Current Occupier and Use ............................................................ 13 
4.2 Surrounding Land Use .................................................................................................. 13 
4.3 Surface Condition and Vegetation ................................................................................ 13 
4.4 Underground Tanks and Associated Services ............................................................. 13 
4.5 Fill Material .................................................................................................................... 13 
4.6 Chemical and Waste Storage ....................................................................................... 13 

SECTION 4: CONCEPTUAL SITE MODEL ................................................................ 14 
4.1 Potential Receptors ...................................................................................................... 14 
4.2 Potential Sources and Contaminants of Concern ........................................................ 14 
4.3 Potentially Affected Media (PCM) ................................................................................. 14 
4.4 Potential Exposure Pathways ....................................................................................... 15 
4.5 Human and Ecological Receptors ................................................................................ 15 
4.6 Assessment of Data Gaps ............................................................................................ 15 

SECTION 5:  DATA QUALITY OBJECTIVES (DQO) & ASSESSMENT ...................... 16 
5.1 Data Quality Objectives (DQO) ..................................................................................... 16 

5.1.1 Outline of DQO Process ......................................................................................... 16 
5.1.2 Step 1 - Define the Problem ................................................................................... 17 
5.1.3 Step 2 - Identify the Decisions ............................................................................... 17 
5.1.4 Step 3 – Identify the Inputs to the Decision ........................................................... 17 
5.1.5 Step 4 – Define the Study Boundaries ................................................................... 18 
5.1.6 Step 5 – Develop a Decision Rule .......................................................................... 18 
5.1.7 Step 6 – Specify Acceptable Limits on Decision Errors – Data Quality Indicators 
(DQIs) ............................................................................................................................... 19 
5.1.8 Step 7 - Optimise the Design for Obtaining Data .................................................. 19 

5.2 Data Quality Assessment – Field QA/QC ...................................................................... 20 
5.2.1 Soil Sampling ......................................................................................................... 20 
5.2.2 Intra-Laboratory Duplicate ..................................................................................... 20 
5.2.3 Inter-Laboratory Duplicate ..................................................................................... 21 
5.2.4 Equipment Rinsate Samples .................................................................................. 22 



 
 

 
‘The Boathouse’, Governor Phillip Park, Palm Beach NSW 2108 (EBG-02853.Stage2.DSI.09.20.R01)                    Page  3 

 
 

5.2.5 Trip Blank ............................................................................................................... 22 
5.2.6 Laboratory Prepared Soil - Trip Spike .................................................................... 22 

5.3 Data Quality Assessment – Laboratory QA/QC ............................................................ 23 
5.3.1 NATA Registration of Laboratories ........................................................................ 23 
5.3.2 Objectives of Analysis Laboratory Quality Assurance Procedures ........................ 23 
5.3.3 Review of Laboratory QA/QC ................................................................................. 24 
5.3.4 Data Completeness Evaluation .............................................................................. 25 

SECTION 6: SOIL SAMPLING – AIMS AND METHODOLOGY ................................. 26 
6.1 Purpose and Aims ........................................................................................................ 26 
6.2 Sampling Procedure ..................................................................................................... 26 

6.2.1 Soil Primary Samples ............................................................................................. 26 
6.2.2 QA/QC .................................................................................................................... 26 

6.3 Sampling Method ......................................................................................................... 27 
6.4 Sample Details and Borehole Locations ....................................................................... 28 

SECTION 7: SOIL CONTAMINANT THRESHOLD CONCENTRATIONS - 
ACCEPTANCE CRITERIA .......................................................................................... 29 

7.1 Health Investigation Levels (HILs) ................................................................................. 29 
7.2 Site Specific - Ecological Investigation Levels (EILs) .................................................... 30 
7.3 Generic - Ecological Screening Levels (EIL) ................................................................. 32 
7.4 Generic – Management Limits : Petroleum Hydrocarbons ............................................ 33 

SECTION 8 : SOIL - LABORATORY ANALYSIS RESULTS ...................................... 34 
8.1 Metals ........................................................................................................................... 34 

8.1.1 Metals - Health Investigation Levels (HILs) ............................................................ 34 
8.1.2 Metals – Derived Ecological Investigation Levels (EILs) ......................................... 34 

8.2 Petroleum Hydrocarbons (TRH & BTEX) ....................................................................... 34 
8.3 Polyaromatic Hydrocarbons (PAH) ............................................................................... 34 
8.4 Organochlorine Pesticides (OCPs) ............................................................................... 34 
8.5 Polychlorinated Biphenyls (PCBs) ................................................................................ 34 
8.6 Acidity (pH) ................................................................................................................... 34 
8.7 Photo-ionisation Detector (PID) .................................................................................... 34 

SECTION 9: CLASSIFICATION OF EXCAVATION MATERIAL .................................. 35 
9.1 Background .................................................................................................................. 35 
9.2 Waste Classification ..................................................................................................... 35 

SECTION 10: DISCUSSION & RECOMMENDATIONS ............................................. 37 
10.1 Discussion .................................................................................................................. 37 
10.2 Recommendations ...................................................................................................... 38 

10.2.1 Suitability of the Site for the Proposed Development .......................................... 38 
10.2.2 Condition : Imported Soil - VENM ........................................................................ 38 

SECTION 11: REFERENCES AND LEGISLATION .................................................... 40 
  

 

 
 

 
  



 
 

 
‘The Boathouse’, Governor Phillip Park, Palm Beach NSW 2108 (EBG-02853.Stage2.DSI.09.20.R01)                    Page  4 

 
 

 

ATTACHMENTS: 
APPENDIX A: FIGURES / PLANS 

• Site Location (Figure No 1: 02853-F01) 
• Investigation Area & Borehole Locations (Figure No 2: 02853-F02) 

• PID Calibration Certificate 
 
APPENDIX B: SUMMARY OF RESULTS 
 
APPENDIX C: BOREHOLE LOGS  
 
APPENDIX D: CHAIN OF CUSTODY AND LABORATORY RESULTS 
 
 
  



 
 

 
‘The Boathouse’, Governor Phillip Park, Palm Beach NSW 2108 (EBG-02853.Stage2.DSI.09.20.R01)                    Page  5 

 
 

 
 

Abbreviations 

ACM Asbestos Cement Material 
mAHD metres Australian Height Datum 
As Arsenic 
B(a)P Benzo (a) pyrene (a component of PAHs) 
BTEX Benzene, Toluene, Ethylbenzene, Xylene 
BH Borehole 
Cd Cadmium 
Cr Chromium 
EPA (NSW) Environmental Protection Agency (NSW) 
DECCW(NSW) Dept. Environment, Climate Change & Water (NSW) 
Hg Mercury 
MAH Mono Aromatic Hydrocarbons 
NEHF National Environment Health Forum 
Ni Nickel 
OCPs Organochlorin pesticides 
OPPs Organophosphate Pesticides 
PCBs Poly Cyclic Biphenyls 
PAH Polycyclic Aromatic Hydrocarbons 
Pb Lead 
PID Photo Ionisation Detector 
QA/QC Quality Assurance and Quality Control 
RAP Remedial Action Plan 
RPD Relative Percentage Difference 
TCLP Toxicity Characteristics Leaching Procedure 
TRH Total Recoverable Hydrocarbons 
UST Underground storage tank 
VOCs Volatile Organic Compounds 

 
 

Distribution: PDF Copies to: 

1. Blue Pacific Constructions Pty Ltd  
 

Investigation & Reporting conducted by: 

Michael Edwards RPGeo  CEnvP (CL Specialist) 
Registered Professional Geoscientist (No.10093)  
Certified Environmental Practitioner – Contaminated Land Specialist (No.0832) 
Licensed Asbestos Assessor (WorkCover NSW Lic No. LAA001125) 
ENVIRONMENTAL & ENGINEERING GEOLOGIST 

Signed: 
 

 
Issued 

 
Revision 

 
 
 
 

 

  9 October 2020 
 

9 February 2021 
 

 
  



 
 

 
‘The Boathouse’, Governor Phillip Park, Palm Beach NSW 2108 (EBG-02853.Stage2.DSI.09.20.R01)                    Page  6 

 
 

EXECUTIVE SUMMARY 
ES-1. Background 
REVISION NOTE – 9 February 2021:  EBG Environmental has reviewed the revised plans dated 30 

January 2021, and confirm that these updates do not change the outcome and recommendations 

within this Stage 2 Detailed Site Investigation. 
This investigation was authorized by Peter Heber from Blue Pacific Constructions Pty Ltd. The on-site sampling 
was conducted on 23 September 2020. To assess the site EBG Environmental was requested to carry out a 
Stage 2 Detailed Site (environmental) Investigation. The scope was to undertake the investigation on  part of Lot 
7005 DP 1117451. The site is currently a Reserve Trust managed by the LGA, and the investigation was 
undertaken on a small portion of the large lot and DP currently being used by The Boathouse restaurant. The 
following scope of works were undertaken: 

• Identify potential areas where contamination may have occurred from current and historical activities; 

• Assess the potential for soils to have been impacted by current and historical activities; and 

• Assess the suitability of the site for the construction works, based on its current condition and the 
findings of this investigation. 

On 23 September 2020, soil sampling was carried out on the site to fulfil the requirements of a  Stage 2 Detailed 
Site Investigation (DSI)  

Sampling Procedure: 

The subject of this investigation is a small part of the total Lot and DP. The investigation area is  between 1000 
and 2000 square metres. As such according to EPA NSW Sampling Design Guidelines (Sept 1995), a minimum 
of 7 sampling points are required to characterise the site (based on a 95% confidence to detect a hot spot with a 
19.9 metre circumference for a site up to 2000 sq/m). A sample was taken of each stratigraphic layer down to 
natural soils (generally two samples). The locations of the boreholes are shown in Figure 2 - 02853-F02 

(Appendix A).  

ES-2. Discussion 
ES-2.1 General 

• The seven-step DQO process (defined in Section 5) as outlined in the NEPM 2013 was employed to 
assess the property in regard to contamination of the soil. 

• The soil sample laboratory analysis results were assessed against the relevant guidelines listed in the 
National Environment Protection (Assessment of Site Contamination) Measure (NEPM) May 2013.  

o Recreational C (HIL C) - Public open spaces such as parks, playgrounds, playing fields (eg: 
ovals), secondary schools and footpaths.  

o Site Specific - Ecological Investigation Levels (EILs) - derived from Schedule B1 of NEPM 
(2013) – ‘National parks & areas of high conservation value’. 

o Generic - Ecological Screening Levels (EIL) - NEPM 2013 – B(1): Table 1B(6) ESLs for TPH 

fractions F1 - F4, BTEX and benzo(a)pyrene in soil. 
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o Generic – Management Limits : Petroleum Hydrocarbons - NEPM 2013 – B(1): Table 1 B(7): 

Management Limits for TPH fractions F1-F4 in soil 

• The soil sample laboratory analysis results confirm that metals (x8), PAH, TRH, BTEX, OCPs and  PCBs 
analysis results did not exceed the relevant criteria in accordance with the NEPM 2013. (ie: Listed in 
Section 7). The PID readings did not exceed the action level of 30ppm (see borelogs in Appendix C). 

• No asbestos containing materials were observed and none are expected. 
• The total concentration analysis results confirm that the yellow/brown road base type material (Borehole 

4) and mixed sandy fill, (varying depth 0.1 – 0.2 metres), fall within the criteria for General Solid Waste 
classification as per Table 1 of the Waste Classification Guidelines (Part 1 : Classifying Waste – DECC 

NSW (Nov 2014). NOTE: The classification is for disposal purposes only. 
• An assessment of the sub-soil for PASS (potential acid sulfate soils) has been undertaken by Crozier 

Geotechnical. Please refer to relevant report. 

ES-3 Recommendations 

ES-3.1 Suitability of the Site for the Proposed Development 
This report is in accordance with: 

• National Environment Protection (Assessment of Site Contamination) Measure (NEPM), (1999 amended 
2013 

• State Environmental Planning Policy No. 55 – Remediation of Land (SEPP 55)  

• EPA NSW Guidelines for Consultants Reporting on Contaminated Sites (November 1997),  

It is the opinion of EBG that with respect to the investigations carried out within this report, the site is 
suitable for the proposed development: 

• Re-building the superstructure on the wharf below the mean high water mark 

• Construction of an amenities and service building along southern boundaries (adjacent golf course 
boundary fence). 

The recommendation above is given with the understanding that the ‘condition’ below is undertaken: 

ES-3.2 Condition : Imported Fill 

All excavations shall be backfilled with clean validated virgin excavated natural material (VENM) (See 10.2.2) 
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SECTION 1:  INTRODUCTION 

1.1 Authorization 
This investigation was authorized by Peter Heber from Blue Pacific Constructions Pty Ltd. 
The on-site sampling was conducted on 23 September 2020.  

1.2 Scope of Work - Consultants Brief 
To assess the site EBG Environmental was requested to carry out a Stage 2 Detailed Site 
(environmental) Investigation. The scope was to undertake the investigation on part of Lot 
7005 DP 1117451. 

The site is currently Reserve Trust managed by the LGA and the investigation was 
undertaken on a small portion of the large lot and DP currently being used by The 
Boathouse restaurant. The investigation area was assessed to be between 1000-2000 
square metres and entailed: 

• Identify potential areas of contamination from current and historical activities; 

• Assess the potential for soils to have been impacted by current and historical 
activities; and 

• Assess the suitability of the site for the construction works, based on its current 
condition and the findings of this investigation. 

On 23 September 2020, soil sampling was carried out on the site to fulfil the requirements of 
a  Stage 2 Detailed Site Investigation (DSI) as documented within this report. 

REVISION NOTE – 9 February 2021:  EBG Environmental has reviewed the revised plans 
dated 30 January 2021, and confirm that these updates do not change the outcome and 
recommendations within this Stage 2 Detailed Site Investigation. 

1.3 Limitations of the Report 
Within the guidelines set down for this investigation, every effort has been made to give an 
accurate assessment of the property identified in this document. EBG Environmental does 
not accept any responsibility for any contamination that may exist in the area now or in the 
future. EBG Environmental accepts no liability for the use of this document by any other 
person other than the client. This report must not be produced except in full and must not 
be amended in any way. This report is based on current and historical information available 
at the time of writing. 
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SECTION 2:  PHYSICAL & SITE INFORMATION 

2.1 Site Identification  

ADDRESS The Boathouse 
Governor Phillip Park 
Palm Beach NSW 2108 

LOCAL GOVERNMENT 
AUTHORITY 

Northern Beaches Council 

LOT & DEPOSITED PLAN Part of 7005 DP 1117451 

PARISH Narrabeen 

COUNTY Cumberland 

COUNCIL LAND ZONING R2 – Low Density Residential 

SITE AREA Part of Lot 7005 DP 1117451 (Less than 1,000 sqm) 

 

2.2 Soil Landscape & Geology   
Soil Landscapes:  
Soils Landscapes Data Source : NSW Office of Environment and Heritage. Creative 
Commons 3.0 © Commonwealth of Australia: 
http://creativecommons.org/licenses/by/3.0/au/deed.en 

The site is located within a ‘residual’ soil landscape group. Soils Landscapes Data Source : 
NSW Office of Environment and Heritage 

Woy Woy Landscape Group (AEww) : Aeolian - Described as: 

• Landscape: Level to gently undulating non-tidal beach ridges on marine sands. 
Local relief <3m, slopes <5%. Water table at a depth of <200 cm. Progressive beach 
ridges in sheltered bays. Extensively cleared closed-scrub and low eucalypt 
woodland. 

• Soil: Siliceous sands and occasional Podzols on sandy rises, Humus Podzols in 
poorly drained areas, Calcareous sands bear beaches. 

Soil Landscapes of the Sydney 1:100 000 sheet, Chapman, G.A and Murphy, C.L (1989). 
Soil Conservation Service of NSW, Sydney. 
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Geology:  

Geological Data Source : NSW Department of Industry, Resources & Energy  

Geological unit/s relevant to the site: 
• Sands: Qhb – Coarse quartz sand, varying amounts of shell fragments, Qhd – Medium 

to fine grained marine sand with podsols. 
• Shales – Newport Formation & Garie Formation: Interbedded laminate, shale and 

quartz, to lithic quartz sandstone: Minor red claystone north of Hawkesbury River. Clay 
pellet sandstone (Garie Fm) south of Hawkesbury River. 

• The Hawkesbury Sandstone (Rh) comprises medium to coarse grained sandstone 
with minor shale and laminate lenses. It is of fluvial origin with limited lacustrine and 
wind induced deposition with numerous braided alluvial channel fills. 

2.3 Topography and Hydrogeology 
The property elevation ranges between the 0 and 2 metre AHD. The property is located 
immediately adjacent to Pittwater, just inside the heads associated with Barrenjoey 
Lighthouse. 

A registered groundwater bore with relevant ‘standing water level SWL’ is located 1,060 
metres south of the site (GW105823).  

Groundwater Bore No. GW105823 

Licence No 10BL162946 

Owner Type Private 

Purpose Domestic 

Standing water Level 2.0 metres 

Date Completed 15/03/2004 

Bore Depth 4.00 metres 

Driller’s Log 

 0.00m-0.30m topsoil  

0.30m-2.80m sand, yellow  
2.80m-4.00m sand, yellow with small shells  
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2.4 Acid Sulfate Soil Risk 
Crozier Geotechnical has undertaken an Acid Sulfate Soil investigation for the site (Crozier 
Project: 2015-251, Sept 2020). Soil samples were taken and analysed for SPOCAS to 
determine if the soil is PASS (potential acid sulfate soil). Section 3.3 of the report states: 

The soils are sandy and therefore would be considered as Coarse Texture – sands to 
loamy sands with clay contents ≤5% as per Table 4.4 – Acid Sulphate Soils 
Management Authority Committee (ASSMAC) – Acid Sulphate Soils Manual. 
The results of the testing show that the tested soils below the water table (with 
varying Reduced Levels of R.L. -0.50m and -2.90m) are not considered Acid 
Sulphate or Potential Acid Sulphate Soils. Previous testing identified the soils above 
the water table were also not AASS or PASS. 
As such, in line with the ASSMAC guidelines there is no requirement for an Acid 
Sulphate Management Plan based on the proposed works (as per the supplied 
design drawings).  

2.5 Zoned Land Use 
Pittwater Local Environmental Plan 2014: The site is within the: 

• RE1 – Public Recreation 

2.6 Dryland Salinity 
The land is not located in an area of dryland salinity. Dryland salinity shall not be an issue 
affecting the site. 

2.7 SafeWork NSW Site Search (Dangerous Goods on Premises) 
A search of the Stored Chemical Information Database (SCID) and the microfiche records 
held by Safework NSW was not carried out.  

2.8 EPA PFAS* Investigation Program 

The NSW Environment Protection Authority (EPA) is undertaking an investigation program to 
assess the legacy of *per- and poly- fluoroalkyl substances (PFAS) use across NSW. PFAS 
are a group of chemicals that include perfluorooctane sulfonate (PFOS) and 
perfluorooctanoic acid (PFOA). They have many specialty applications and are widely used 
in a range of products in Australia and internationally.  PFAS are an emerging contaminant, 
which means that their ecological and/or human health effects are unclear. The EPA is 
investigating to better understand the extent of PFAS use and contamination in NSW. This 
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will enable the EPA to be better prepared to respond if any health and environmental 
impacts become known. No records were noted within the buffer zone of 1 KM of the site. 

2.9 Title and Air Photo Discussion 

 
08.09.1881 Purchased by the Crown (Her Most Gracious Majesty Queen Victoria) For 

Light House and Customs 

17.05.1929 Crown Reserve No. 61140 for Public Recreation 

01.11.1991 Establishment of Reserve Trust Governor Phillip Park (R 56217, R 61140 & 
R 64483) Reserve Trust  

Council of the Shire of Warringah appointed to manage reserve trust 

05.01.2010 Folio Identifier created in the name of the State of New South Wales 

 

2.10 EPA NSW Contaminated Land Database 
A search of the OE&H contaminated land database was carried out via the internet for the 
LGA of Northern Beaches. There are no records on the database relating to the suburb of 
Palm Beach.  

2.11 Proposed Development 
The development proposal comprises the renovation of The Boathouse restaurant and the 
construction of amenities along the southern boundary with the golf course. 

2.12 LGA Planning Certificate 10.7(2) 
The land (formerly owned by the Crown) is currently a reserve managed by Northern 
Beaches Council. The application for a copy of the Planning Certificate is currently being 
undertaken (not available prior to issue of this report). 
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SECTION 3: SITE INSPECTION 
The site inspection was carried out on the 23 September 2020. 

4.1 Building Condition, Current Occupier and Use 
The site consists of a part of Lot 7005 DP 1117451. The whole lot (Reserve Trust Governor 
Phillip Park) is a long piece of land running adjacent to the beach of Pittwater. The 
inspection and investigation was undertaken on a part of this land (as shown in Appendix A 
Figure 2). The site infrastructure consist of a timber restaurant and boat shed (and attached 
jetty). Adjacent to the restaurant (and running along south boundary) are a number of 
ancillary buildings. A central small building is used to store petroleum products. 

4.2 Surrounding Land Use 
The surrounding landuse is predominantly public reserve, carpark and beach. 

4.3 Surface Condition and Vegetation 
The restaurant / boatshed consists a single commercial construction of various materials 
with a corrugated metal roof. The remaining areas of the restaurant are grassed, gardens, 
paved or concreted. The vegetation appears to be in good condition with no areas of stress 
located. No odours or hydrocarbon style staining were located. 

4.4 Underground Tanks and Associated Services 
No underground fuel tanks were located during the inspection. 

4.5 Fill Material 
The exact nature of the sub-surface material is not known. The land in question is located 
adjacent to the water and restaurant, on a slightly elevated embankment. 

There is no indication that significant amounts of fill has been imported onto the block. 

4.6 Chemical and Waste Storage 
Chemical storage facilities and petroleum storage units were located along the southern 
boundary. 
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SECTION 4: CONCEPTUAL SITE MODEL 

4.1 Potential Receptors 
The site inspection revealed a number of potential receptors for off-site migration of 
potential contamination: 

• Pittwater beach and waters located immediately adjacent (west). 

• Public reserve and recreation area to the east. 

4.2 Potential Sources and Contaminants of Concern  
HISTORICAL ACTIVITY CONTAMINATING 

ACTIVITY 
CONTAMINANTS 
OF CONCERN 

LIKELIHOOD 

Vacant land – prior to 1940s Fill  Rubbish  Possible – however this would 
have occurred years ago and 
the current  surface is clean with 
vegetation cover. 

Fill material 

 
Imported fill  Ash or building 

waste (common fill 
within Sydney) 
(PAH) 

Unlikely – the site appears to 
follow the natural elevation for 
the regional area. 

Commercial Building/s Use of asbestos or 
lead paint 

Asbestos, lead Possible – but this is common 
to all residential buildings and 
identified and dealt with prior to 
demolition. 

Storage facilities along 
southern boundary 

Leakage / overflow Hydrocarbons, 
cleaning chemicals 

Possible – investigated during 
Stage 2 DSI. 

 

4.3 Potentially Affected Media (PCM) 
The potentially contaminated media on site are: 

• Soil/Fill material – may have been impacted due to hydrocarbon storage facilities on 
site. 

• Groundwater – suspected to be relatively saline and tidal (possibly around 2.0 m 
deep).  
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4.4 Potential Exposure Pathways 

PATHWAY CONTAMINANTS LIKELIHOOD 

Airborne contaminant 
particles 

Heavy metals, volatile components Possible - fuel spills  

Dermal contact Heavy metals, hydrocarbons etc Unlikely – no PCM located 

Airborne vapours Volatile contaminants  Possible - fuel spills 

4.5 Human and Ecological Receptors 

TYPE RECEPTORS LIKELIHOOD 

 
 
HUMAN 

Current and future occupants and 
landholders 

Possible - fuel spills 

Construction and maintenance 
workers particularly involved in 
potential excavation works 

Unlikely  

Adjoining golf course Unlikely  

 

 
 
ECOLOGICAL 

Pittwater – building located directly 
above 

Possible - fuel spills 

Adjacent residential (including 
adjacent child care centre) 

Unlikely – no PCM located 

Adjacent gardens, trees and scrubs Unlikely – no PCM located 

4.6 Assessment of Data Gaps 

DATA GAPS COMMENTS 

Status of soil with respect to fill 
material under concrete and 
buildings 

Status unknown with respect to historical contaminating 
activities (hydrocarbon storage). Significant quantities of 
imported fill not considered likely. 

Groundwater sampling Groundwater encountered during excavation should be 
assessed if identified. 
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SECTION 5:  DATA QUALITY OBJECTIVES (DQO) & 
ASSESSMENT 

5.1 Data Quality Objectives (DQO) 

5.1.1 Outline of DQO Process 
The EPA NSW Guidelines for the NSW Site Auditor Scheme  (2nd Edition – April 2006) 
describes the DQO process thus: 

The process used to define the type, quantity and quality of data needed to support 
decisions relating to the environmental condition of the site. The DQOs provide a 
systematic approach for defining the criteria that a data collection design should 
satisfy, including when, where and how to collect samples or measurements; 
determination of tolerable decision error rates; and the number of samples or 
measurements that should be collected. 

The DQOs are achieved by employing a seven-step process: 
Table 3 

 STEP SECTION  

1 Define the Problem Section 4.1.2 
1.2 Consultants Brief & Scope of Works 

2 Identify the Decisions Section 6.1.3 
Sections 2 : Physical & Site Info 
Section 2.11: Proposed Development  
Sections 6.1: Purpose and Aims 

3  Identify the Inputs to the Decision Section 4.1.4 
Sections 4 & 5:  
Section 7: Soil Contaminant Threshold Concentrations 
Sections 8: Soil Laboratory Results 

4 Define the Study Boundaries Section 4.1.5 
2.1 Site Identification 
2.2 Soil Landscape & Geology 
Section 2 : Physical & Site Info 

5 Develop a Decision Rule Section 4.1.6 
Section 2.12: Proposed Development  
Section 5: Data Quality Objectives (DQO) & Assessment 

6 Specify Limits of Decision Errors Section 5: Data Quality Objectives (DQO) & Assessment 
7 Optimise the Design for Obtaining 

Data 
Section 4.1.8  
Section 2.11: Proposed Development  
Sections 6: Soil Sampling – Aims & Methodology 
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5.1.2 Step 1 - Define the Problem 
As there is a possibility that the past land uses may have impacted on the sub-soil, a Stage 
2 DSI soil sampling programme and analysis was carried out. 

See:  

• Section 5.1.2 
• 1.2 Consultants Brief & Scope of Works 

5.1.3 Step 2 - Identify the Decisions 
The primary decision statement that this report shall attempt to resolve is: 

Analysed samples taken from the property shall be assessed against the maximum 
criteria from the landuse as defined by National Environment Protection (Assessment 
of Site Contamination) Measure (NEPM) 1999 (Amended 2013) for Commercial / 
Industrial D Landuse. By using the results and guidelines the consultant shall make a 
decision if the property is suitable for the proposed landuse, and if not, the 
appropriate management or remediation necessary to achieve this end. 

See: 

• Section 5.1.3 
• Sections 2 : Physical Settings 
• Section 2.11: Proposed Development  

• Section 6.1: Purpose and Aims 

5.1.4 Step 3 – Identify the Inputs to the Decision 

The primary inputs used to assess the contamination were: 
 

• Define the site boundaries by the use of survey maps and site inspection. 

• Review of the site history and site conditions, including the geology, hydrogeology 
and topography. 

• Assessing contamination identified with the Phase 2 report to facilitate the 
remediation procedures. 

• Using appropriate soil sampling procedures to ensure correct representative data. 

• Using correct analytical methods (NATA etc)  with quantitation limits below the site 
assessment criteria. 

 
See:   

• Section 5.1.4 
• Sections 4 & 5 
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• Section 7: Soil Contaminant Threshold Concentrations 

• Sections 8: Soil Laboratory Results  

5.1.5 Step 4 – Define the Study Boundaries 

The boundaries of the site are documented in 2.1 Site Identification. The sub surface study 
boundaries within the above site boundary shall be within the fill down to natural material. 

See:  
• Section 5.1.5 
• 2.1 Site Identification 
• 2.2 Soil Landscape & Geology 
• Section 2 : Physical & Site Info  

5.1.6 Step 5 – Develop a Decision Rule 
The purpose of this step was to define the parameter of interest, specify the action level and 
combine the outputs of the previous steps into an “if …….., then…..” decision rule that 
defines the conditions that would cause the decision maker to choose alternative actions. 
The following decision rules may be applied: 

• Comparison of the results of the validation samples to the criteria (ie: ‘If the results 

are above criteria then remediation may be necessary’) 

• If field QA/QC samples (blanks, spikes etc) are found to contain chemicals of 

concern then further action extra sampling, investigation of procedure shall be 
undertaken. 

• If the laboratory QA/QC samples (matrix spikes, reagent blanks) fall outside the 

acceptance criteria (See 2.7 - DQI) then the laboratory shall be contacted, and/or the 
samples shall be re-analysed. 

See:  
• Section 5.1.6 

• Section 2.11: Proposed Development  
• Section 5: Data Quality Objectives (DQO) & Assessment 
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5.1.7 Step 6 – Specify Acceptable Limits on Decision Errors – Data Quality Indicators 
(DQIs) 
The project DQIs address ‘Step 6’, and have been established to set acceptance limits on 
field and laboratory data collected as part of the investigation: 
Table 4 

DQI FIELD LABORATORY ACCEPTANCE LIMITS 
 
 

Accuracy 
 
 

 

Procedures standard 
Rinsate blanks 

Analysis of: 
Rinsate blanks 
Matrix spike 
Lab control sample 
Lab duplicate <5xPQL 
Lab duplicate >5xPQL 

As per Envirolab Procedures 
Not detect 
70 to 130% 
70 to 130% 
Any RPD is acceptable 
0-50% RPD is acceptable 

 
 

Precision 
 

 

Standard procedures 
appropriate to job and applied 
Collection of split (Inter-lab) 
duplicate and field (Intra-lab) 
duplicate 

Analysis of: 
Field (Intra-lab) duplicate 
Split (Inter-lab) duplicate 

 
0-50% RPD is acceptable 
0-50% RPD is acceptable 

 
Represent- 
ativeness 

 

Correct material sampled as 
per RAP or ESA 
All material needing to be 
sampled was sampled 

All samples analysed in 
accordance with ‘Chain of 
Custody’ 

 

 
 

Compara- 
bility 

Correct sampling protocol 
applied 
Sampler appropriately trained 
Similar climate conditions 

Standard procedures used for 
all labs 
Similar analytical methods 
employed by all labs involved 

As per NATA requirements 
 
As per EBG and DECCW 
requirements 

 
 

Complete- 
ness 

 
 
 

All critical locations sampled 
Samples collected from surface 
or depth where appropriate 

All samples analysed according 
to procedures 
Correct methods employed 
Correct PQLs employed 
Chain of custody requirements 
acted upon 
Lab holding times appropriate 

As per appropriate regulations and 
guidelines 

• PQLs – Practical Quantitation Limits 
• RPD – Relative Percentage Difference 
• RAP – Remedial Action Plan 
 

5.1.8 Step 7 - Optimise the Design for Obtaining Data 
EPA (2006) - Identify the most resource-effective sampling and analysis design for general 
data that are expected to satisfy the DQOs. 

This is documented in: 
• Section 5.1.8  
• Section 2.11: Proposed Development  
• Sections 6: Soil Sampling – Aims & Methodology  
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5.2 Data Quality Assessment – Field QA/QC 

5.2.1 Soil Sampling 
• All sampling (digging) equipment was washed with ‘Decon 90’ and water. The 

equipment was then rinsed with distilled water between each sampling to avoid 
cross contamination. 

• The samples were collected using a clean disposable nitrile glove.  
• The jars and bottles were sealed with a teflon lid and stored and transported in a 

temperature insulated container cooled with ‘ice-bricks’.  
• The container was transported to a NATA registered laboratory and analysed as 

described. 
• The relevant “Chain of Custody Form” is included in Appendix D. 

• All washed, teflon lidded jars were obtained from Envirolab. 
• Each container was labelled with a unique job and sample No. 
• All soil samples were transported to Envirolab Services under refrigerated 

conditions, using Chain-of-Custody procedures.  
• Inter-laboratory duplicate sample was forwarded to Envirolab Services Pty Ltd 

(Sydney) and then onto ALS (Sydney) for inter-laboratory QA/QC analysis.  
• The laboratory analyses were conducted on discrete un-composited samples. 

5.2.2 Intra-Laboratory Duplicate 
An intra-laboratory duplicate is a QC sample that is used to determine the precision associated 
with all or part of the sample collection.  Field duplicates are two independent samples that are 
collected from the same point at the same time and used to assess the homogeneity and 
reproducibility of the sampling technique. The precision, or reproducibility is measured from 
the differences observed in the analysis of duplicate samples. The precision, or reproducibility 
is measured from the differences observed in the analysis of duplicate samples. 

1 Intra-laboratory duplicate was collected and analysis undertaken. This complies with NEPM 
2013 frequency requirement of 5% (ie: 1 in 20 primary samples): 

• Sample 02853/BH1/DupIntra was a field duplicate of primary sample 02853/BH1/0.25 

Where samples are analysed in duplicate, the quality of the results is assessed by calculating 
the relative percent difference (RPD) between the reported and repeated results. 
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The RPD is calculated as follow: 

  RPD = 200 * lX1 - X2 l / X1 + X2 

Where X1 and X2 are the results obtained for the samples and its duplicate, and lX1 - X2l is the 
absolute difference between the duplicate samples. 
A relative level of difference up to 50% is considered acceptable. Where the results are below 
the detection limits a calculation was not possible. All RPDs for the samples were below 50%.  
Table 5 

 
 
 
 

 

 

 

 

5.2.3 Inter-Laboratory Duplicate 
An inter laboratory duplicate is a sample taken from the same point and the same time as the 
other samples and analysed by a separate and independent laboratory. This provides some 
degree of confidence that the analyses conducted by the main laboratory has been undertaken 
according to acceptable reproducible standards. Where samples are analysed in duplicate, the 
quality of the results is assessed by calculating the relative percent difference (RPD) between 
the primary, and duplicate laboratory results.  

1 Inter-laboratory duplicate was collected and analysis undertaken. This complies with NEPM 
2013 frequency requirement of 5% (ie: 1 in 20 primary samples) 

• Sample 02853/BH2/Dup Inter (a duplicate of sample 02853/BH2/0.4) was the field 
duplicate as described above. 

The ‘inter-laboratory’ sample was sent to Envirolab Melbourne laboratories and analysed for 
heavy metals. 

Where samples are analysed in duplicate, the quality of the results is assessed by calculating 
the relative percent difference (RPD) between the primary and duplicate laboratory results. 
 
The RPD is calculated as follows: 

  RPD = 200 * X1 - X2 / X1 + X2 

Analyte -  
METALS 

Units 02853/BH1/0.25 02853/BH1/ 
Dup Intra 

% RPD 

Arsenic mg/kg 6 6 0% 
Cadmium mg/kg <0.4 <0.4 - 
Chromium mg/kg 7 7 0% 
Copper mg/kg 16 20 22% 
Lead mg/kg 45 50 11 
Mercury mg/kg <0.1 <0.1 - 
Nickel mg/kg 3 3 0% 
Zinc mg/kg 77 86 11% 



 
 

 
‘The Boathouse’, Governor Phillip Park, Palm Beach NSW 2108 (EBG-02853.Stage2.DSI.09.20.R01)                    Page  22 

 
 

Where X1 and X2 are the results obtained for the samples and its duplicate, and X1 - X2 is the 
absolute difference between the duplicate samples. Some RPDs could not be calculated. A 
relative level of difference up to 50% is considered acceptable. Where the results are below the 
detection limits a calculation was not possible. All RPDs for the samples were below (or near) 
50%.  

Table 6 
Analyte -  
METALS 

Units 02853/BH2/0.4 02853/BH2/ 
Dup Inter 

% RPD 

Arsenic mg/kg <4 <4 - 
Cadmium mg/kg <0.4 <0.4 - 
Chromium mg/kg 4 4 0% 
Copper mg/kg 1 2 66% 
Lead mg/kg 3 4 29% 
Mercury mg/kg <0.1 <0.1 - 
Nickel mg/kg 1 1 0% 
Zinc mg/kg 5 5 0% 

 

5.2.4 Equipment Rinsate Samples 
An equipment rinsate sample is a sample of demineralised water that is poured over or through 
field sampling equipment that is considered ready to collect. The purpose of the rinsate is to 
assess the adequacy of the decontamination process and/or the cleanliness of the sampling 
equipment. The sample may also provide information ensuring that there is no cross 
contamination of the substances from the sampling equipment used.  

One rinsate water sample (02853/RIN) was collected. This was analysed for heavy metals. The 
analysis revealed that all analytes were below the detectable limits and confirmed that 
adequate equipment decontamination procedures were undertaken.  

5.2.5 Trip Blank  
A laboratory prepared clean glass jar is filled with clean soil supplied by the analysing 
laboratory and is stored within the sample ‘esky’ and transported to the laboratory with the 
other samples. The purpose of the trip blank is to detect any sample contamination due to 
transport activities. One Trip Blank sample (02853/TB) was analysed for BTEX+C6-C9.  The 
results were all below detection and confirm that the sample(s) were not compromised by 
volatile hydrocarbons during transport. 

5.2.6 Laboratory Prepared Soil - Trip Spike 
A laboratory prepared trip spike was prepared by Envirolab Services, transported with the other 
samples and submitted with the sample batch (sample 02853/TS). This consisted of a sample 
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spiked with a known concentration of BTEX.  The purpose of this sample was to quantify the 
loss of volatiles during transit and analysis. The acceptable percentage recovery of the spike 
shall be 70 - 130% of the known concentration. 

The recovery percentages for the trip spike BTEX were respectively 87%, 92%, 103%, 101% 
(m+p-Xylene), and 118% (o-Xylene). The recoveries were within the acceptable range of 70 - 
130%. The volatile loss was considered acceptable. 

5.3 Data Quality Assessment – Laboratory QA/QC 

5.3.1 NATA Registration of Laboratories 
The analysis of the primary samples was undertaken by Envirolab Services (Sydney), and 
the analysis of the secondary samples (inter-lab duplicate) was analysed by Envirolab 
Services (Melbourne). These laboratories are accredited by the National Association of 
Testing Authorities, NATA. The Laboratories maintain an extensive NATA accreditation, and 
methodology testing and development is performed in accordance with NATA requirements. 
NATA accreditation includes compliance with ISO Guide 25 “General Requirements for the 
Technical Competence of Testing Laboratories”. 

Laboratories meeting the requirements of this guide comply, for calibration and testing 
activities, with the relevant requirements for the ISO 9000 series of standards, including 
those of the model described in ISO 9002 (AS 3902 is the Australian equivalent) when they 
are acting as suppliers producing calibration and test results. 

All analyses are performed in accordance with Australian Standards (“AS”), American Public 
Health Association (“APHA”), US-EPA or other standards meeting the NEPM 2013 criteria.  

5.3.2 Objectives of Analysis Laboratory Quality Assurance Procedures 
All laboratories used in this project utilized their own QA procedures for analysis. The 
objectives of the laboratory internal QA programme was to provide data on the accuracy 
and precision of the analytical results. 

A description of the methods is listed below:  

Reagent Blank: Sample free agents carried through the preparation / digestion procedure 
and analysed at the beginning of every sample batch analysis. For larger projects, a reagent 
blank is prepared and analysed with every 20 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 / 
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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, another known soil/sand or water may be used. (It is usual for a duplicate spiked 
sample to be 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 chemical 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 extraction process; the compounds serve to give a standard of retention time and 
response, which is invariant from run to run with the instruments. 

Duplicate: A separate portion of a sample being analysed which is treated the same as the 
other samples in the batch. Usually a duplicate is prepared at least every 20 samples. 

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. 

Laboratory Reporting: For laboratories with appropriate QA, the reagent blank, duplicates, 
matrix spikes and surrogate spikes are reported along with the results. The targeted 
recovery range for the laboratory spikes, controls and surrogates shall be 70% to 130% of 
the known addition. 

5.3.3 Review of Laboratory QA/QC 
The primary laboratory used for chemical analysis of the validation samples was Envirolab 
Services. Envirolab Services are a NATA accredited laboratory. All laboratory QA/QC results 
are attached. 
The conclusions from the results of the QA/QC data are: 

• The results for the method blanks indicate that all were less than the PQL. The 
blanks are sample free agents carried through the preparation/extraction/digestion 
procedure and analysed at the beginning of every batch analysis. The results 
indicate that no significant contamination had occurred during the laboratory 
analysis. 

• All matrix spike % recoveries were between 70% and 130%.  
The figures indicate that the laboratory analysis process was accurate and that any method 
bias from the sample matrix was not significant. 
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The laboratory QA/QC data as supplied for each analysis confirm acceptable precision and 
accuracy of the analytical result for Envirolab. 
 

5.3.4 Data Completeness Evaluation 
Completeness is a quality assurance/quality control term and is defined as the measure of the 
amount of valid data obtained from a measurement system compared to the amount that was 
expected to be obtained under normal conditions.  
The goals for this project shall be 95% completeness. Completeness is assessed or calculated 
with respect to the following equation: 
  C = 100 x (V/N) 
  where: C = percent completeness 
    V = number of measurements judged valid 
    N = total number of measurements. 
1. Sample Collection: 13 primary soil samples and 5 QA/QC samples were collected as 
specified within the proposal. All samples were delivered to the laboratory successfully using 
appropriate Chain of Custody procedures. The remaining samples held. 
2. Sample Analysis: All primary and the QA/QC sample were successfully analysed and results 
received from Envirolab Services. 
3. Duplicate/Primary Sample Assessment: The data completeness was calculated on the 
duplicate, where the high (>50%) samples were discarded. 
Most RPDs were less than 50% for the intra and inter laboratory duplicate.  
With respect to the above comments, all the valid data expected to be obtained, was able to 
be used to assess the 'completeness of data'. 
In Summary: Data Completeness was 100%. 
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SECTION 6: SOIL SAMPLING – AIMS AND METHODOLOGY 

6.1 Purpose and Aims 
The subject of this investigation is a small part of the total Lot and DP. The investigation 
area is  between 1000 and 2000 square metres. As such according to EPA NSW Sampling 
Design Guidelines (Sept 1995), a minimum of 7 sampling points are required to characterise 
the site (based on a 95% confidence to detect a hot spot with a 19.9 metre circumference 
for a site up to 2000 sq/m). A sample was taken of each stratigraphic layer down to natural 
soils (generally two samples). 

6.2 Sampling Procedure 
The locations of the soil boreholes are shown in Figure 2 - 02853-F02 (Appendix A).  

6.2.1 Soil Primary Samples 
7 exploratory boreholes were undertaken using a hydraulic solid flight augur on 23 September 
2020. The samples were sent to the primary laboratory (Envirolab Sydney). The samples were 
analysed for: 

ANALYSIS  
FREQUENCY 

ANALYTE ANALYTE ABBREVIATION 

All samples Heavy metals x8 As, Cd, Cu, Cr, Ni, Hg & Zn 

Selected samples Polycyclic Aromatic Hydrocarbons PAHs 

Selected samples Total Recoverable Hydrocarbons TRHs 

Selected samples Benzene, Toluene, Ethylbenzene, Xylene BTEX 

Selected samples Polychlorinated biphenyl PCBs 

Selected samples Organochlorine pesticides OCPs 

Selected sample Acidity pH 

Selected samples Volatile Organic Compounds VOCs 

6.2.2 QA/QC 
1. One intra-laboratory QA/QC sample was taken as a duplicate of the respective primary 
sample. This was sent to the same laboratory (Envirolab Sydney) as the primary sample for 
analysis.  

2. One inter-laboratory QA/QC sample was taken as a duplicate of the respective primary 
sample. This were sent to a secondary laboratory (Envirolab - Melbourne) for analysis.  
3. One equipment water rinsate QA/QC sample was taken and analysed.  
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4. One trip blank was analysed. This is a laboratory prepared clean glass jar is filled with 
clean soil supplied by the analysing laboratory and is stored within the sample ‘esky’ and 
transported to the laboratory with the other samples.  
5. Trip Spike was analysed for volatile loss. 

6.3 Sampling Method 
• All sampling equipment was washed with ‘Decon 90’ and water. The equipment was 

then rinsed with distilled water between each sampling to avoid cross contamination. 

• All samples were collected using a clean disposable nitrile glove.   

• The jars and bottles were sealed with a teflon lid and stored and transported in a 
temperature insulated container.  

• The container was transported to a NATA registered laboratory and analysed as 
described. 

• The relevant “Chain of Custody Form” is included in the appendix. 
• All washed, teflon lidded jars were obtained from Envirolab. 
• Each container was labelled with a unique job and sample No. 
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6.4 Sample Details and Borehole Locations  
NO SAMPLE ID# BH DEPTH 

(m) 
SUB-SOIL CONDITIONS ANALYSIS 

1 02853/BH1/0.25 1 0.25 SAND – orange course sand Metalsx8, PAH, TRH+BTEX, pH 

2 02853/BH1/Dup 
Intra#1 

1 0.25 Intra laboratory duplicate of 
02853/BH1/0.25 

Metalsx8 

3 02853/BH1/1.0 1 1.0 SAND – orange course 
beach sand 

Metalsx8 

4 02853/BH2/0.4 2 0.4 SAND – grey course sand Metalsx8, PAH, TRH+BTEX, 
OCP+PCB, pH 

5 02853/BH2/Dup 
Inter 

2 0.4 Inter laboratory duplicate of 
02853/BH2/0.4 

Metalsx8 

6 02853/BH2/1.5 2 1.5 SAND – grey course sand Metalsx8 

7 02853/BH3/0.5 3 0.5 SAND – orange course sand Metalsx8, PAH, TRH+BTEX, 
OCP+PCB 

8 02853/BH3/1.5 3 1.5 SAND – orange course sand Metalsx8 

9 02853/BH4/1.0 4 1.0 FILL – Silty gravel, roadbase 
style clay  

Metalsx8, PAH, TRH+BTEX 

10 02853/BH4/2.5 4 2.5 SAND – orange course sand Metalsx8 

11 02853/BH5/0.5 5 0.5 FILL – Garden silty / soil Metalsx8 

12 02853/BH6/0.3 6 0.3 SAND – orange course sand Metalsx8, PAH, TRH+BTEX, pH 

13 02853/BH6/1.0 6 1.0 SAND – orange course sand Metalsx8 

14 02853/BH7/0.3 7 0.3 FILL – Dark brown garden 
soil 

Metalsx8, PAH, TRH+BTEX 

15 02853/BH7/1.0 7 1.0 SAND – orange course sand Metalsx8 
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SECTION 7: SOIL CONTAMINANT THRESHOLD 
CONCENTRATIONS - ACCEPTANCE CRITERIA 

7.1 Health Investigation Levels (HILs) 
The sample results were assessed against the soil contaminant threshold concentrations set 
at levels appropriate to the proposed landuse. Considering the location of ‘The Boathouse’ 
on recreational land and immediately adjacent to an important and ecologically sensitive 
waterway, HIL C Recreational would be appropriate. The results are therefore assessed 
against the Health Investigation Levels (HILs) listed in the National Environment Protection 
(Assessment of Site Contamination) Measure (NEPM) – Schedule B1 (1999 amended 2013).  
HIL C:  

• Public open spaces such as parks, playgrounds, playing fields (eg: ovals), secondary 
schools and footpaths.  

Table 1A(1) – NEPM 2013 
 Health Investigation Levels - HILs 

Substance 
All values in mg/kg 

HIL A 
Residential A 

HIL B 
Residential B 

HIL C 
Recreational 

HIL D 
Commercial/ 

Industrial 
Metals & metalloids (NEPM 2013) 

Arsenic 100 500 300 3 000 

Beryllium 60 90 90 500 

Cadmium 20 150 90 900 

Chromium (VI) 100 500 300 3600 

Cobalt 100 600 300 4000 

Copper 6,000 30,000 17,000 240,000 

Lead 300 1,200 600 1 500 

Manganese 3,800 14,000 19,000 60,000 

Mercury (inorganic) 40 120 80 730 

Nickel 400 1,200 1,200 6,000 

Zinc 7,400 60,000 30,000 400,000 
Organics 

Aldrin + Dieldrin 6 10 10 45 

Chlordane 50 90 70 530 

DDT+DDD+DDE 240 600 400 3,600 

PAHs (total) 300 400 300 4,000 

Benzo(a)pyrene TEQ 3 4 3 40 

Other (NEPM 2013) 
Phenol 3000 45,000 40,000 240,000 

PCBs 1 1 1 7 
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7.2 Site Specific - Ecological Investigation Levels (EILs)  
Levels have been derived for selected metals and organic compounds and are applicable 
for assessing risk to terrestrial ecosystems (NEPM, 2013). EILs depend on specific soil 
physiochemical properties and land use scenarios and generally apply to the top 2 m of soil, 
which corresponds to the root zone and habitation zone of many species. The EIL is 
determined for a contaminant based on the sum of the ambient background concentration 
(ABC) and an added contaminant limit (ACL).  The ABC of a contaminant is the soil 
concentration in a specific locality that is the sum of naturally occurring background levels 
and the contaminants levels that have been introduced from diffuse or non-point sources 
(e.g. motor vehicle emissions). The ACL is the added concentration (above the ABC) of a 
contaminant above which further appropriate investigation and evaluation of the impact on 
ecological values is required. 

The EIL is calculated using the formula : EIL = ABC + ACL. 

The adopted EIL, derived from Schedule B1 of NEPM (2013) and the Excel Spreadsheet – 
eil-calculation-spreadsheet-December-2010(1) are shown below. The following site specific 
data and assumptions have been used to determine the EILs: 

• a protection level of 80%. 

• the EILs will apply to the top 2 m. 

• considering the historical  site  use/fill,  the  contamination  is considered as “aged” 
(>2 years); 

ABCs have been derived using the Interactive (Excel) Calculation Spreadsheet using input 
parameters of NSW and for high for traffic volumes.  

Site specific pH values have been used to calculate the input parameter for the Interactive 
(Excel) Calculation Spreadsheet. The average pH value for filling samples was used, being a 
pH of 8.9 (based on measured pH values between 8.4 and 9.1); 
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Analytical Parameters: 
 

pH – average of 8.4 & 9.1 8.9 

Cation Exchange Capacity (CEC) – 
meq/100g 

10 (Assessed ave. 
sand and silty sand) 

Clays in Soil % Est 1% 

The above CEC value of 10 and the average pH of 8.9 has been used for the input 
parameters in the Excel Spreadsheet – eil-calculation-spreadsheet-December-2010(1).  

Table 9 

Derived Ecological Investigation Levels (EIL) in mg/kg for 
National parks and areas of high conservation value 

METALS 

 FRESH AGED 
Arsenic 50 100 

Copper 120 210 

Nickel 80 170 

Chromium III 230 410 

Lead 270 110 

Zinc 190 480 

PAH 
Naphthalene 170 170 

OCP 
DDT 180 180 
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7.3 Generic - Ecological Screening Levels (EIL)  
 

NEPM 2013 – B(1): Table 1B(6) ESLs for TPH fractions F1 - F4, BTEX and benzo(a)pyrene in 
soil 

 

C H E M I C A L Soil 
texture 

ESLs (mg/kg dry soil) 

A reas of 
ecological 

significance 

Urban  residential 
and public open 

space 

Commercial and 
industrial 

F 1 C6-C10 Coarse 125* 180* 215* 

F 2 > C10- C16 Fine 25* 120* 170* 

F 3 > C16- C34 Coarse - 300 1700 

 F ine - 1300 2500 

F 4 > C34- C40 Coarse - 2800 3300 

 F ine - 5600 6600 

Benzene Coarse 10 50 75 

 F ine 10 65 95 

Toluene Coarse 10 85 135 

 F ine 65 105 135 

Ethylbenzene Coarse 1.5 70 165 

 F ine 40 125 185 

Xylenes Coarse 10 105 180 

 F ine 1.6 45 95 

Benzo(a)pyrene Coarse 0.7 0.7 0.7 

 F ine 0.7 0.7 0.7 

Notes: 
(1) ESLs are of low reliability except where indicated by * which indicates that the ESL is of moderate reliability. 
(2) '-' indicates that insufficient data was available to derive a value. 
(3) To obtain F1, subtract the sum of BTEX concentrations from C6-C10 fraction and subtract naphthalene 

from >C10-C16 to obtain F2. 
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7.4 Generic – Management Limits : Petroleum Hydrocarbons 
 

NEPM 2013 – B(1): Table 1 B(7) Management Limits for TPH fractions F1-F4 in soil 
 

TPH f raction Soil texture Management Limits1 (mg/kg dry soil) 
Residential, parkland and 

public open space 
Commercial and industrial 

F 12 C6- C10 Coarse 700 700 
 F ine 800 800 

F 22  > C10- C16 Coarse 1000 1000 
 F ine 1000 1000 

F 3 > C16- C34 Coarse 2500 3500 
 F ine 3500 5000 

F 4 > C34- C40 Coarse 10 000 10 000 
 F ine 10 000 10 000 

 
1 Management limits are applied after consideration of relevant ESLs and HSLs 
2 Separate management limits for BTEX and naphthalene are not available hence these should not be 
subtracted from the relevant fractions to obtain F1 and F2. 
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SECTION 8 : SOIL - LABORATORY ANALYSIS RESULTS 
See Appendix B : Summary of Results.  

8.1 Metals  
8.1.1 Metals - Health Investigation Levels (HILs) 
All metal (x8) results were generally above detection levels but did not exceed the Health 
Investigation Levels for Recreational (HIL C).    

8.1.2 Metals – Derived Ecological Investigation Levels (EILs) 
All metal (x8) analysis results did not exceed the Derived Ecological Investigation Levels (EIL) 
in mg/kg for National parks and areas of high conservation value as calculated in Section 
7.2. 

8.2 Petroleum Hydrocarbons (TRH & BTEX) 
All TRH and BTEX were below detection levels. The TRH+BTEX results did not exceed the 
Health Investigation Levels Recreational (HIL C) and Ecological Investigation Levels (EILs) 
criteria or the Management Limits for TRH. 

8.3 Polyaromatic Hydrocarbons (PAH) 
Most Benzo-a-pyrene TEQ and total PAH levels were below detection levels.  The results 
did not exceed the Health Investigation Levels Recreational (HIL C) and Ecological 
Investigation Levels (EILs) criteria. 

8.4 Organochlorine Pesticides (OCPs) 
The OCPs were below detection levels, and as such results did not exceed the Recreational 
(HIL C) and Ecological Investigation Levels (EILs for DDT) criteria. 

8.5 Polychlorinated Biphenyls (PCBs) 
The PCBs were below detection levels, and as such results did not exceed the Recreational 
(HIL C) criteria. 

8.6 Acidity (pH) 
The pH varied with levels from 8.4 and 9.1 pH Units. 

8.7 Photo-ionisation Detector (PID) 
A PID was used to assess the soil for volatile compounds. The readings were well below the 
30ppm action level. The PID readings are given tabled in the borehole logs (Appendix C).  
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SECTION 9: CLASSIFICATION OF EXCAVATION MATERIAL 

9.1 Background 
The samples taken during this investigation were used to classify the soil in accordance 
with the Waste Classification Guidelines (Part 1 : Classifying Waste – Department of 
Environment & Climate Change NSW (Nov 2014). The soil classification shall be used to 
dispose of the any excavated soil at an EPA licenced waste facility. 

• The inspection revealed that the yellow/brown road base type material (Borehole 4) 
and mixed sandy fill extended from surface down to 0.1-0.2 metres (varying depths). 

• Minor amounts of gravel and pebbles associated with covering road base. 

• Asbestos fragments were not observed during the soil sampling. 

9.2 Waste Classification 
• The PAH, TRH, BTEX, OCPs and PCBs results were near or below detection limits. 

• No asbestos containing materials observed..  

• No indication of hydrocarbon sheen or significant oil staining was observed; 

• No odour was noted during the investigation. 

• The reported analytes above ‘detection limit’ concentrations were compared to the 
criteria outlined in: Tables 1: in the Waste Classification Guidelines (Part 1 : 
Classifying Waste – Department of Environment & Climate Change NSW (Nov 2014). 
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Results Compared to Maximum Concentrations in Soil for General Solid Classification  
(See Envirolab Services Certificate of Analysis #252089 in Appendix D). 
 

 
The top ‘yellow/brown road base type material (Borehole 4) and mixed sandy fill (extending 
down to depth around 0.1-0.2 m). The total concentration analysis confirm that the material 
fall within the criteria for GENERAL SOLID WASTE classification as per Table 1 of the Waste 
Classification Guidelines (Part 1 : Classifying Waste – Department of Environment & Climate 
Change NSW (Nov 2014).  

NOTE: The classification is for disposal purposes only.  

VENM (Virgin Excavated Natural Material): Sub-surface deeper undisturbed orange and 
grey natural sand located beneath the ‘mixed sandy fill’ (deeper than 0.1-0.2 metres varying 
over the site), shall be classified as Virgin Excavated Natural Material (VENM) as per DECC 
NSW Fact Sheet: Virgin excavated natural material and Waste Classification Guidelines (Part 
1 : Classifying Waste – Department of Environment & Climate Change NSW (April 2008). 

 

- Maximum values for leachable concentration and 
specific contaminant concentration when used 

together 

 Site soil sample analysis results 

General Solid Waste Criteria 
 

Maximum Reported Concentration 
from the primary sample analysis 

Analytes  
(in mg/kg) 

Soil - Total 
Concentration 
without TCLP 
CT1 (mg/kg) 

Leachate 
TCLP 1 
(mg/L) 

 

Soil - Total 
Concentration 

with TCLP 
SCC1 (mg/kg) 

Analysed Soil 
Total Conc. 

(mg/kg) 
without TCLP  

 

Analysed  
Leachate 

(mg/L) 

Arsenic 100 5 500 22 - 

Cadmium 20 1.0 100 <0.4 - 

Chromium V1 100 5 1900 23 - 

Lead 100 5 1500 64 - 

Mercury 4 0.2 50 0.4 - 

Nickel 40 2 1050 8 - 

Benzo(a)pyrene 0.8 0.04 10 0.1 - 

C10-C36 
Hydrocarbons 

NA 10,000 NA ND - 

Scheduled Chems  
(incl. aldrin&dieldrin) 

NA <50 NA ND - 



 
 

 
‘The Boathouse’, Governor Phillip Park, Palm Beach NSW 2108 (EBG-02853.Stage2.DSI.09.20.R01)                    Page  37 

 
 

SECTION 10: DISCUSSION & RECOMMENDATIONS 
 
10.1 Discussion 

• The seven-step DQO process (defined in Section 5) as outlined in the NEPM 2013 
was employed to assess the property in regard to contamination of the soil. 

• The soil sample laboratory analysis results were assessed against the relevant 
guidelines listed in the National Environment Protection (Assessment of Site 
Contamination) Measure (NEPM) May 2013.  

o Recreational C (HIL C) - Public open spaces such as parks, playgrounds, 
playing fields (eg: ovals), secondary schools and footpaths.  

o Site Specific - Ecological Investigation Levels (EILs) - derived from Schedule 
B1 of NEPM (2013) – ‘National parks and areas of high conservation value’. 

o Generic - Ecological Screening Levels (EIL) - NEPM 2013 – B(1): Table 1B(6)
 ESLs for TPH fractions F1 - F4, BTEX and benzo(a)pyrene in soil. 

o Generic – Management Limits : Petroleum Hydrocarbons - NEPM 2013 – B(1): 
Table 1 B(7): Management Limits for TPH fractions F1-F4 in soil 

• The soil sample laboratory analysis results confirm that metals (x8), PAH, TRH, 
BTEX, OCPs and  PCBs analysis results did not exceed the above criteria in 
accordance with the NEPM 2013. (ie: Listed in Section 7). The PID readings did not 
exceed the action level of 30ppm (see borelogs in Appendix C). 

• No asbestos containing materials were observed and none are expected. 
• The total concentration analysis results confirm that the yellow/brown road base type 

material (Borehole 4) and mixed sandy fill, (varying depth 0.1 – 0.2 metres), fall within 
the criteria for General Solid Waste classification as per Table 1 of the Waste 
Classification Guidelines (Part 1 : Classifying Waste – DECC NSW (Nov 2014). NOTE: 
The classification is for disposal purposes only. 

• An assessment of the sub-soil for PASS (potential acid sulfate soils) has been 
undertaken by Crozier Geotechnical. Please refer to relevant report. 

  



 
 

 
‘The Boathouse’, Governor Phillip Park, Palm Beach NSW 2108 (EBG-02853.Stage2.DSI.09.20.R01)                    Page  38 

 
 

10.2 Recommendations 
10.2.1 Suitability of the Site for the Proposed Development 

This report is in accordance with: 

• National Environment Protection (Assessment of Site Contamination) Measure 
(NEPM), (1999 amended 2013 

• State Environmental Planning Policy No. 55 – Remediation of Land (SEPP 55)  

• EPA NSW Guidelines for Consultants Reporting on Contaminated Sites (November 
1997),  

It is the opinion of EBG that with respect to the investigations carried out within this report, 
the site is suitable for the proposed development: 

• Re-building the superstructure on the wharf below the mean high water mark 
• Construction of an amenities and service building along southern boundaries 

(adjacent golf course boundary fence). 

The recommendation above is given with the understanding that the ‘condition’ below is 
undertaken: 

10.2.2 Condition : Imported Soil - VENM 
Any imported fill shall be sampled prior to importation and shall conform to VENM (virgin 
excavated natural material) as per EPA NSW Waste Classification Guidelines - Part 1 : 
Classifying Waste (Nov 2014). 

• VENM with Documentation: Backfill material shall be (virgin) excavated natural 
material (VENM) sourced from a reputable soil / landscaping supplier or excavation 
contractor. This shall be accompanied by suitable documentation verifying the material 
is VENM. The documentation shall be provided by a suitably qualified Environmental or 
Engineering Consultant. 

• VENM without Documentation: Backfill material without suitable VENM 
documentation shall be validated using a frequency of one (1) sample for every twenty 
five cubic metres (25m3). Each discrete sample analysed shall consist of a composite of 
these 5 sub-samples collected and mixed in a stainless steel tray. Each sample shall be 
analysed for the full suite of analytes listed in the EPA Waste Classification Guidelines, 
Part 1: Classifying Waste (DEC 2014) (Waste Classification Guidelines). 

Approval for the importation of the fill material to the site is to be provided only after the 
analytical results show the material to be clean fill is received. 



 
 

 
‘The Boathouse’, Governor Phillip Park, Palm Beach NSW 2108 (EBG-02853.Stage2.DSI.09.20.R01)                    Page  39 

 
 

The imported material delivered to the site must be inspected prior to backfilling to ensure 
that it is consistent with the material originally sampled. These observations should be 
documented in the validation assessment report. A verification sample should be taken from 
the delivered material and analysed for the suite of contaminants as per the guidelines. The 
results of the analysis should be compared to the sample results from the original sample. 

If during any development excavation, any visual staining or unidentified odour is 
encountered, work should cease within the area until it has been assessed by a qualified 
environmental professional. 
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SECTION 11: REFERENCES AND LEGISLATION 
 

• Sydney, Geological  Map of  NSW, 1:100 000 Geological  Series Sheet 9130, 
Edition 1, NSW Dept. of Mineral Resources, 1983. 

• Guideline on Investigation Levels for Soil & Groundwater : Schedule B1 – National 
Environment Protection (Assessment of Site Contamination) Measure (NEPM), 
(1999 amended 2013). 

• NSW Contaminated Land Management Act 2008 No.11. 

• Managing Land Contamination – Planning Guidelines SEPP 55 – Remediation of 
Land – Dept. of Urban Affairs & Planning and EPA NSW 1998. 

• Waste Classification Guidelines (Part 1 : Classifying Waste – Department of 
Environment & Climate Change NSW (Nov 2014) 

• General approvals of immobilisation' by EPA: ‘Ash, ash-contaminated natural 
excavated materials or coal-contaminated natural excavated materials’. Approval 
Number: 1999/05 

• Australian and New Zealand Guidelines from the Protection of Aquatic Organisms – 
95% Protection of Species for Fresh and Marine Water (ANZECC 2000). 

• EPA NSW Sampling Design Guidelines September 1995. 

• Virgin excavated natural material (DECC 2008/447) Fact Sheet 2008. 

• DEC NSW Guidelines for Assessing Former Orchards & Market Gardens June 2005. 

• EPA NSW Guidelines for Consultants Reporting on Contaminated Sites 1997 
Reprinted August 2011 

• Work Health and Safety Act 2011 (WHS Act) and Work Health and Safety 
Regulation 2011 (WHS Regulation) 
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APPENDIX A: FIGURES / PLANS 

• Site Location (Figure No 1: 02853-F01) 

• Investigation Area & Borehole Locations (Figure No 2: 
02853-F02) 

• PID Calibration Certificate 
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SOURCE NEARMAP  - IMAGERY 2016 
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APPENDIX B: Summary of Results - Stage 2 DSI : ‘The Boathouse’, Gov Phillip Pk, Palm Beach NSW (EBG-02853.Stage2.DSI.09.20)                                                         
SUMMARY RESULTS – SAMPLING 23 September 2020 

 
METALS (mg/kg)  PAH (mg/kg)   

OTHER (mg/mg) 
 As Cd Cr Cu Pb Hg Ni Zn 

 Tot. 
PAH 

BaP 
TEQ 

 

NEPM HIL A 3000 900 3600 240K 1500 730 6000 400K  4000 40  PCB                                     OCP VOCs pH    
BH       DEPTH                    
1 0.25 6 <0.4 7 16 45 <0.1 3 77  <0.05 <0.05  - - -     
1 DupIntra 6 <0.4 7 20 50 <0.1 3 86  - -  - - -     
1 1.0 4 <0.4 3 2 2 <0.1 <1 4  - -  - - -     
2 0.4 <4 <0.4 4 1 3 <0.1 1 5  0.05 <0.05  <Dl <DL -     
2 Dup 

Inter <4 <0.4 4 2 4 <0.1 1 6 
 

- -  - - -     
2 1.5 4 <0.4 3 <1 14 <0.1 1 3  - -  - - -     
3 0.5 7 <0.4 6 6 25 <0.1 3 21  <0.05 <0.05  <DL <DL -     
3 1.5 5 <0.4 3 <1 2 <0.1 <1 4  - -  - - <DL     
4 1.0 <4 <0.4 10 7 18 <0.1 4 19  <0.05 <0.05  - - -     
4 2.5 6 <0.4 5 2 2 <0.1 2 5  - -  - - <DL     
5 0.5 22 <0.4 23 59 17 <0.1 6 380  - -  - - -     
6 0.3 7 <0.4 8 22 64 <0.1 6 55  <0.05 <0.05  - - -     
6 1.0 8 <0.4 3 2 3 <0.1 <1 4  - -  - - -     
7 0.3 <4 <0.4 12 8 15 <0.1 8 14  <0.05 <0.05  - - -     
7 1.0 6 <0.4 3 <1 1 <0.1 <1 2  - -0  - - -     

RIN ug/L 
1 <0.1 <1 <1 <1 

<0.00
01 <1 <5 

 
          

DL - Detection Limit        ND – Not detected 
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PETROLEUM HYDROCARBONS    

  
BTEX (benzene, toluene, ethylbenzene, 

xylene)+Naphthalene (mg/kg)  
TRH (total recoverable hydrocarbons) (mg/kg)    

BH 
DEPTH 

(m) F1 B T E X N  C6-C9 C6-C10 C10-C14 C15-C28 C29-C36 F2 

 
C16-C34 

(F3) 

 
C34-C40 

(F4) 
Total TRH 
C10-C40 

1 0.25 <25 <0.2 <0.5 <1 <3 <1  <50 <100 <100 <50 <50 <100 <100 <50 <50 
2 0.4 <25 <0.2 <0.5 <1 <3 <1  <50 <100 <100 <50 <50 <100 <100 <50 <50 
3 0.5 <25 <0.2 <0.5 <1 <3 <1  <50 <100 <100 <50 <50 <100 <100 <50 <50 
4 1.0 <25 <0.2 <0.5 <1 <3 <1  <50 <100 <100 <50 <50 <100 <100 <50 <50 
5 1.0 <25 <0.2 <0.5 <1 <3 <1  <50 <100 <100 <50 <50 <100 <100 <50 <50 
6 0.3 <25 <0.2 <0.5 <1 <3 <1  <50 <100 <100 <50 <50 <100 <100 <50 <50 
7 0.3 <25 <0.2 <0.5 <1 <3 <1  <50 <100 <100 <50 <50 <100 <100 <50 <50 
 TB <25 <0.2 <0.5 <1 <3 <1           
 TS 

- 87% 92% 103% 
101% 
118% -           
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APPENDIX C:  
 

BOREHOLE LOGS 
 

 



Sampling & In Situ Testing
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Results & 
Comments

- 0.1 CONCRETE TILE 0.1 -
- 0.2 0.2 PID: 0.2 ppm - 02853/BH1/0.25
- 0.3 0.3 - 02853/BH1/Dup Intra
- 0.4 SAND - orange course sand 0.4  -
- 0.5 0.5  D -
- 0.6 0.6 -
- 0.7 0.7 -
- 0.8 0.8 -
- 0.9 0.9 -
- 1 1 - 02853/BH1/1.0
- 1.1 1.1 -
- 1.2 1.2 -
- 1.3 END 1.3 -
- 1.4 1.4 -
- 1.5 1.5 -
- 1.6 1.6 -
- 1.7 1.7 -
- 1.8 1.8 -
- 1.9 1.9 -
- 2 2 -
- 2.1 2.1 -
- 2.2 2.2 -
- 2.3 2.3 -
- 2.4 2.4 -
- 2.5 2.5 -
- 2.6 2.6 -
- 2.7 2.7 -
- 2.8 2.8 -
- 2.9 2.9 -
- 3 3 -
- 3.1 3.1 -
- 3.2 3.2 -
- 3.3 3.3 -
- 3.4 3.4 -
- 3.5 3.5 -
- 3.6 3.6 -
- 3.7 3.7 -
- 3.8 3.8 -
- 3.9 3.9 -
- 4 4 -
- 4.1 4.1 -
- 4.2 4.2 -
- 4.3 4.3 -
- 4.4 4.4 -
- 4.5 4.5 -
- 4.6 4.6 -
- 4.7 4.7 -
- 4.8 4.8 -
- 4.9 4.9 -
- 5 5 -
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EBG Environmental Geoscience
(Edwards Blasche Group Pty Ltd ABN 54 085 829 250)

Environmental Borehole Log
Client: Blue Pacific Constructions
Project: Stage 2 Detailed Site Investigation
Location: The Boathouse, Gov Phillip Pk, Palm Beach
Rpt ID: EBG-02853.Stage2.DSI.09.20

Borehole No: 1
Sheet: 1
Date: 23.09.20
Logged By: ME



Sampling & In Situ Testing
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- 0.1 BITUMEN 0.1 -
- 0.2 0.2 -
- 0.3 0.3 -
- 0.4 0.4  PID: 0.9 ppm - 02853/BH2/0.4
- 0.5 SAND - course grey sand 0.5  - 02853/BH2/DUP INTER
- 0.6 0.6 D -
- 0.7 0.7 -
- 0.8 0.8 -
- 0.9 0.9 -
- 1 1 -
- 1.1 1.1 -
- 1.2 1.2 -
- 1.3 1.3 -
- 1.4 1.4 -
- 1.5 1.5 - 02853/BH2/1.5
- 1.6 1.6 M -
- 1.7 END 1.7 -
- 1.8 1.8 -
- 1.9 1.9 -
- 2 2 -
- 2.1 2.1 -
- 2.2 2.2 -
- 2.3 2.3 -
- 2.4 2.4 -
- 2.5 2.5 -
- 2.6 2.6 -
- 2.7 2.7 -
- 2.8 2.8 -
- 2.9 2.9 -
- 3 3 -
- 3.1 3.1 -
- 3.2 3.2 -
- 3.3 3.3 -
- 3.4 3.4 -
- 3.5 3.5 -
- 3.6 3.6 -
- 3.7 3.7 -
- 3.8 3.8 -
- 3.9 3.9 -
- 4 4 -
- 4.1 4.1 -
- 4.2 4.2 -
- 4.3 4.3 -
- 4.4 4.4 -
- 4.5 4.5 -
- 4.6 4.6 -
- 4.7 4.7 -
- 4.8 4.8 -
- 4.9 4.9 -
- 5 5 -
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EBG Environmental Geoscience
(Edwards Blasche Group Pty Ltd ABN 54 085 829 250)

Environmental Borehole Log
Client: Blue Pacific Constructions
Project: Stage 2 Detailed Site Investigation
Location: The Boathouse, Gov Phillip Pk, Palm Beach
Rpt ID: EBG-02853.Stage2.DSI.09.20

Borehole No: 2
Sheet: 1
Date: 23.09.20
Logged By: ME
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- 0.1 BITUMEN / GRAVEL 0.1 -
- 0.2 0.2 -
- 0.3 0.3 -
- 0.4 0.4  -
- 0.5 0.5  PID: 0.8 ppm - 02853/BH3/0.5
- 0.6 0.6 -
- 0.7 SAND - course orange sand 0.7 D -
- 0.8 0.8 -
- 0.9 0.9 -
- 1 1 -
- 1.1 1.1 -
- 1.2 1.2 -
- 1.3 1.3 -
- 1.4 1.4 -
- 1.5 1.5 M - 02853/BH3/1.5
- 1.6 1.6 -
- 1.7 END 1.7 -
- 1.8 1.8 -
- 1.9 1.9 -
- 2 2 -
- 2.1 2.1 -
- 2.2 2.2 -
- 2.3 2.3 -
- 2.4 2.4 -
- 2.5 2.5 -
- 2.6 2.6 -
- 2.7 2.7 -
- 2.8 2.8 -
- 2.9 2.9 -
- 3 3 -
- 3.1 3.1 -
- 3.2 3.2 -
- 3.3 3.3 -
- 3.4 3.4 -
- 3.5 3.5 -
- 3.6 3.6 -
- 3.7 3.7 -
- 3.8 3.8 -
- 3.9 3.9 -
- 4 4 -
- 4.1 4.1 -
- 4.2 4.2 -
- 4.3 4.3 -
- 4.4 4.4 -
- 4.5 4.5 -
- 4.6 4.6 -
- 4.7 4.7 -
- 4.8 4.8 -
- 4.9 4.9 -
- 5 5 -
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EBG Environmental Geoscience
(Edwards Blasche Group Pty Ltd ABN 54 085 829 250)

Environmental Borehole Log
Client: Blue Pacific Constructions
Project: Stage 2 Detailed Site Investigation
Location: The Boathouse, Gov Phillip Pk, Palm Beach
Rpt ID: EBG-02853.Stage2.DSI.09.20

Borehole No: 3
Sheet: 1
Date: 23.09.20
Logged By: ME
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- 0.1 0.1 -
- 0.2 0.2 -
- 0.3 FILL / ROADBASE - silty clay with cravel 0.3 -
- 0.4 0.4  -
- 0.5 0.5  -
- 0.6 0.6 -
- 0.7 0.7 -
- 0.8 0.8 -
- 0.9 0.9 - 0
- 1 1 PID: 0.4 ppm - 02853/BH4/1.0
- 1.1 1.1 -
- 1.2 1.2 -
- 1.3 1.3 -
- 1.4 1.4 -
- 1.5 1.5 -
- 1.6 1.6 -
- 1.7 SAND - orange course sand 1.7 -
- 1.8 1.8 -
- 1.9 1.9 -
- 2 2 -
- 2.1 2.1 -
- 2.2 2.2 -
- 2.3 2.3 -
- 2.4 2.4 -
- 2.5 2.5 - 02853/BH4/2.5
- 2.6 2.6 -
- 2.7 END 2.7 -
- 2.8 2.8 -
- 2.9 2.9 -
- 3 3 -
- 3.1 3.1 -
- 3.2 3.2 -
- 3.3 3.3 -
- 3.4 3.4 -
- 3.5 3.5 -
- 3.6 3.6 -
- 3.7 3.7 -
- 3.8 3.8 -
- 3.9 3.9 -
- 4 4 -
- 4.1 4.1 -
- 4.2 4.2 -
- 4.3 4.3 -
- 4.4 4.4 -
- 4.5 4.5 -
- 4.6 4.6 -
- 4.7 4.7 -
- 4.8 4.8 -
- 4.9 4.9 -
- 5 5 -
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Environmental Borehole Log
Client: Blue Pacific Constructions
Project: Stage 2 Detailed Site Investigation
Location: The Boathouse, Gov Phillip Pk, Palm Beach
Rpt ID: EBG-02853.Stage2.DSI.09.20

Borehole No: 4
Sheet: 1
Date: 23.09.20
Logged By: ME



Sampling & In Situ Testing

Ty
p

e

D
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th

S
am

p
le

Results & 
Comments

- 0.1 0.1 -
- 0.2 FILL / GARDEN SOIL silty sand incl. rocks 0.2 -
- 0.3 0.3 D -
- 0.4 0.4  -
- 0.5 0.5  PID: 0.3 ppm - 02853/BH5/0.5
- 0.6 0.6 -
- 0.7 0.7 -
- 0.8 END 0.8 -
- 0.9 0.9 -
- 1 1 -
- 1.1 1.1 -
- 1.2 1.2 -
- 1.3 1.3 -
- 1.4 1.4 -
- 1.5 1.5 -
- 1.6 1.6 -
- 1.7 1.7 -
- 1.8 1.8 -
- 1.9 1.9 -
- 2 2 -
- 2.1 2.1 -
- 2.2 2.2 -
- 2.3 2.3 -
- 2.4 2.4 -
- 2.5 2.5 -
- 2.6 2.6 -
- 2.7 2.7 -
- 2.8 2.8 -
- 2.9 2.9 -
- 3 3 -
- 3.1 3.1 -
- 3.2 3.2 -
- 3.3 3.3 -
- 3.4 3.4 -
- 3.5 3.5 -
- 3.6 3.6 -
- 3.7 3.7 -
- 3.8 3.8 -
- 3.9 3.9 -
- 4 4 -
- 4.1 4.1 -
- 4.2 4.2 -
- 4.3 4.3 -
- 4.4 4.4 -
- 4.5 4.5 -
- 4.6 4.6 -
- 4.7 4.7 -
- 4.8 4.8 -
- 4.9 4.9 -
- 5 5 -
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Client: Blue Pacific Constructions
Project: Stage 2 Detailed Site Investigation
Location: The Boathouse, Gov Phillip Pk, Palm Beach
Rpt ID: EBG-02853.Stage2.DSI.09.20

Borehole No: 5
Sheet: 1
Date: 23.09.20
Logged By: ME



Sampling & In Situ Testing

Ty
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D
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S
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p
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Results & 
Comments

- 0.1 BITUMEN 0.1 -
- 0.2 0.2 -
- 0.3 0.3 PID: 1.1 ppm - 02853/BH3/0.3
- 0.4 0.4  -
- 0.5 SAND - orange course sand 0.5  D -
- 0.6 0.6 -
- 0.7 0.7 -
- 0.8 0.8 -
- 0.9 0.9 -
- 1 1 M - 02853/BH3/1.0
- 1.1 END 1.1 -
- 1.2 1.2 -
- 1.3 1.3 -
- 1.4 1.4 -
- 1.5 1.5 -
- 1.6 1.6 -
- 1.7 1.7 -
- 1.8 1.8 -
- 1.9 1.9 -
- 2 2 -
- 2.1 2.1 -
- 2.2 2.2 -
- 2.3 2.3 -
- 2.4 2.4 -
- 2.5 2.5 -
- 2.6 2.6 -
- 2.7 2.7 -
- 2.8 2.8 -
- 2.9 2.9 -
- 3 3 -
- 3.1 3.1 -
- 3.2 3.2 -
- 3.3 3.3 -
- 3.4 3.4 -
- 3.5 3.5 -
- 3.6 3.6 -
- 3.7 3.7 -
- 3.8 3.8 -
- 3.9 3.9 -
- 4 4 -
- 4.1 4.1 -
- 4.2 4.2 -
- 4.3 4.3 -
- 4.4 4.4 -
- 4.5 4.5 -
- 4.6 4.6 -
- 4.7 4.7 -
- 4.8 4.8 -
- 4.9 4.9 -
- 5 5 -
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Sheet: 1
Date: 23.09.20
Logged By: ME



Sampling & In Situ Testing

Ty
p

e

D
ep

th

S
am

p
le

Results & 
Comments

- 0.1 GRASS 0.1 -
- 0.2 0.2 D -
- 0.3 FILL - dark grey soil 0.3 PID: 0.1 ppm - 02853/BH3/0.3
- 0.4 0.4  -
- 0.5 0.5  -
- 0.6 0.6 -
- 0.7 0.7 -
- 0.8 SAND - course orange sand 0.8 D -
- 0.9 0.9 -
- 1 1 - 02853/BH3/1.0
- 1.1 END 1.1 -
- 1.2 1.2 -
- 1.3 1.3 -
- 1.4 1.4 -
- 1.5 1.5 -
- 1.6 1.6 -
- 1.7 1.7 -
- 1.8 1.8 -
- 1.9 1.9 -
- 2 2 -
- 2.1 2.1 -
- 2.2 2.2 -
- 2.3 2.3 -
- 2.4 2.4 -
- 2.5 2.5 -
- 2.6 2.6 -
- 2.7 2.7 -
- 2.8 2.8 -
- 2.9 2.9 -
- 3 3 -
- 3.1 3.1 -
- 3.2 3.2 -
- 3.3 3.3 -
- 3.4 3.4 -
- 3.5 3.5 -
- 3.6 3.6 -
- 3.7 3.7 -
- 3.8 3.8 -
- 3.9 3.9 -
- 4 4 -
- 4.1 4.1 -
- 4.2 4.2 -
- 4.3 4.3 -
- 4.4 4.4 -
- 4.5 4.5 -
- 4.6 4.6 -
- 4.7 4.7 -
- 4.8 4.8 -
- 4.9 4.9 -
- 5 5 -
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Sheet: 1
Date: 23.09.20
Logged By: ME
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���PJ�NJ75+�!&������&����OHVV�1DSKWKDOHQH��)��

���PJ�NJ75+�!&����&���

����PJ�NJ75+�&������&���

����PJ�NJ75+�&������&���

���PJ�NJ75+�&������&���

�����������'DWH�DQDO\VHG

�����������'DWH�H[WUDFWHG

6RLO7\SH�RI�VDPSOH

������%+�����81,76<RXU�5HIHUHQFH

���������2XU�5HIHUHQFH
VY75+��&���&����LQ�6RLO

�����������6XUURJDWH�R�7HUSKHQ\O

���������������PJ�NJ7RWDO��YH�75+��!&���&���

��������������������PJ�NJ75+�!&����&����

��������������������PJ�NJ75+�!&����&���

���������������PJ�NJ75+�!&������&����OHVV�1DSKWKDOHQH��)��

���������������PJ�NJ75+�!&����&���

��������������������PJ�NJ75+�&������&���

��������������������PJ�NJ75+�&������&���

���������������PJ�NJ75+�&������&���

���������������������������������������������������'DWH�DQDO\VHG

���������������������������������������������������'DWH�H[WUDFWHG

6RLO6RLO6RLO6RLO6RLO7\SH�RI�VDPSOH

������%+�����������%+�����������%+�����������%+�����������%+������81,76<RXU�5HIHUHQFH

�����������������������������������������2XU�5HIHUHQFH
VY75+��&���&����LQ�6RLO

(QYLURODE�5HIHUHQFH� ������
5��5HYLVLRQ�1R�

3DJH�_ ��RI���



&OLHQW�5HIHUHQFH���������7KH�%RDWKRXVH��*RY��3KLOOLS�3N��3DOP�%HDFK

�����������6XUURJDWH�S�7HUSKHQ\O�G��

��������������������PJ�NJ%HQ]R�D�S\UHQH�7(4�FDOF�34/�

��������������������PJ�NJ%HQ]R�D�S\UHQH�7(4�FDOF�KDOI�

��������������������PJ�NJ%HQ]R�D�S\UHQH�7(4�FDOF��]HUR�

���������������������PJ�NJ7RWDO��YH�3$+
V

�������������������PJ�NJ%HQ]R�J�K�L�SHU\OHQH

��������������������PJ�NJ'LEHQ]R�D�K�DQWKUDFHQH

��������������������PJ�NJ,QGHQR�������F�G�S\UHQH

����������������������PJ�NJ%HQ]R�D�S\UHQH

�������������������PJ�NJ%HQ]R�E�M�N�IOXRUDQWKHQH

�������������������PJ�NJ&KU\VHQH

�������������������PJ�NJ%HQ]R�D�DQWKUDFHQH

�������������������PJ�NJ3\UHQH

�������������������PJ�NJ)OXRUDQWKHQH

��������������������PJ�NJ$QWKUDFHQH

��������������������PJ�NJ3KHQDQWKUHQH

��������������������PJ�NJ)OXRUHQH

��������������������PJ�NJ$FHQDSKWKHQH

��������������������PJ�NJ$FHQDSKWK\OHQH

������������������PJ�NJ1DSKWKDOHQH

���������������������������������������������������'DWH�DQDO\VHG

���������������������������������������������������'DWH�H[WUDFWHG

6RLO6RLO6RLO6RLO6RLO7\SH�RI�VDPSOH

������%+�����������%+�����������%+�����������%+�����������%+������81,76<RXU�5HIHUHQFH

�����������������������������������������2XU�5HIHUHQFH
3$+V�LQ�6RLO

(QYLURODE�5HIHUHQFH� ������
5��5HYLVLRQ�1R�

3DJH�_ ��RI���



&OLHQW�5HIHUHQFH���������7KH�%RDWKRXVH��*RY��3KLOOLS�3N��3DOP�%HDFK

���6XUURJDWH�S�7HUSKHQ\O�G��

����PJ�NJ%HQ]R�D�S\UHQH�7(4�FDOF�34/�

����PJ�NJ%HQ]R�D�S\UHQH�7(4�FDOF�KDOI�

����PJ�NJ%HQ]R�D�S\UHQH�7(4�FDOF��]HUR�

�����PJ�NJ7RWDO��YH�3$+
V

����PJ�NJ%HQ]R�J�K�L�SHU\OHQH

����PJ�NJ'LEHQ]R�D�K�DQWKUDFHQH

����PJ�NJ,QGHQR�������F�G�S\UHQH

�����PJ�NJ%HQ]R�D�S\UHQH

����PJ�NJ%HQ]R�E�M�N�IOXRUDQWKHQH

����PJ�NJ&KU\VHQH

����PJ�NJ%HQ]R�D�DQWKUDFHQH

����PJ�NJ3\UHQH

����PJ�NJ)OXRUDQWKHQH

����PJ�NJ$QWKUDFHQH

����PJ�NJ3KHQDQWKUHQH

����PJ�NJ)OXRUHQH

����PJ�NJ$FHQDSKWKHQH

����PJ�NJ$FHQDSKWK\OHQH

����PJ�NJ1DSKWKDOHQH

�����������'DWH�DQDO\VHG

�����������'DWH�H[WUDFWHG

6RLO7\SH�RI�VDPSOH

������%+�����81,76<RXU�5HIHUHQFH

���������2XU�5HIHUHQFH
3$+V�LQ�6RLO

(QYLURODE�5HIHUHQFH� ������
5��5HYLVLRQ�1R�

3DJH�_ ��RI���



&OLHQW�5HIHUHQFH���������7KH�%RDWKRXVH��*RY��3KLOOLS�3N��3DOP�%HDFK

�����6XUURJDWH�7&0;

��������PJ�NJ7RWDO��YH�''7�'''�''(

��������PJ�NJ0HWKR[\FKORU

��������PJ�NJ(QGRVXOIDQ�6XOSKDWH

��������PJ�NJSS�''7

��������PJ�NJ(QGULQ�$OGHK\GH

��������PJ�NJSS�'''

��������PJ�NJ(QGRVXOIDQ�,,

��������PJ�NJ(QGULQ

��������PJ�NJ'LHOGULQ

��������PJ�NJSS�''(

��������PJ�NJ(QGRVXOIDQ�,

��������PJ�NJDOSKD�FKORUGDQH

��������PJ�NJJDPPD�&KORUGDQH

��������PJ�NJ+HSWDFKORU�(SR[LGH

��������PJ�NJ$OGULQ

��������PJ�NJGHOWD�%+&

��������PJ�NJ+HSWDFKORU

��������PJ�NJJDPPD�%+&

��������PJ�NJEHWD�%+&

��������PJ�NJ+&%

��������PJ�NJDOSKD�%+&

���������������������'DWH�DQDO\VHG

���������������������'DWH�H[WUDFWHG

6RLO6RLO7\SH�RI�VDPSOH

������%+�����������%+�����81,76<RXU�5HIHUHQFH

����������������2XU�5HIHUHQFH
2UJDQRFKORULQH�3HVWLFLGHV��LQ�VRLO

(QYLURODE�5HIHUHQFH� ������
5��5HYLVLRQ�1R�

3DJH�_ ��RI���



&OLHQW�5HIHUHQFH���������7KH�%RDWKRXVH��*RY��3KLOOLS�3N��3DOP�%HDFK

�����6XUURJDWH�7&0;

��������PJ�NJ7RWDO��YH�3&%V������������

��������PJ�NJ$URFORU�����

��������PJ�NJ$URFORU�����

��������PJ�NJ$URFORU�����

��������PJ�NJ$URFORU�����

��������PJ�NJ$URFORU�����

��������PJ�NJ$URFORU�����

��������PJ�NJ$URFORU�����

���������������������'DWH�DQDO\VHG

���������������������'DWH�H[WUDFWHG

6RLO6RLO7\SH�RI�VDPSOH

������%+�����������%+�����81,76<RXU�5HIHUHQFH

����������������2XU�5HIHUHQFH
3&%V�LQ�6RLO

(QYLURODE�5HIHUHQFH� ������
5��5HYLVLRQ�1R�

3DJH�_ ��RI���



&OLHQW�5HIHUHQFH���������7KH�%RDWKRXVH��*RY��3KLOOLS�3N��3DOP�%HDFK

���������PJ�NJ=LQF

������PJ�NJ1LFNHO

�������������������PJ�NJ0HUFXU\

��������PJ�NJ/HDG

��������PJ�NJ&RSSHU

�������PJ�NJ&KURPLXP

��������������������PJ�NJ&DGPLXP

�������PJ�NJ$UVHQLF

���������������������������������������������������'DWH�DQDO\VHG

���������������������������������������������������'DWH�SUHSDUHG

6RLO6RLO6RLO6RLO6RLO7\SH�RI�VDPSOH

������%+�����������%+�����������%+�����������%+�����������%+�����81,76<RXU�5HIHUHQFH

�����������������������������������������2XU�5HIHUHQFH
$FLG�([WUDFWDEOH�PHWDOV�LQ�VRLO

�������PJ�NJ=LQF

������PJ�NJ1LFNHO

�������������������PJ�NJ0HUFXU\

��������PJ�NJ/HDG

�������PJ�NJ&RSSHU

�����PJ�NJ&KURPLXP

��������������������PJ�NJ&DGPLXP

������PJ�NJ$UVHQLF

���������������������������������������������������'DWH�DQDO\VHG

���������������������������������������������������'DWH�SUHSDUHG

6RLO6RLO6RLO6RLO6RLO7\SH�RI�VDPSOH

������%+�����������%+�����������%+�����������%+�����������%+������81,76<RXU�5HIHUHQFH

����������������������������������������2XU�5HIHUHQFH
$FLG�([WUDFWDEOH�PHWDOV�LQ�VRLO

(QYLURODE�5HIHUHQFH� ������
5��5HYLVLRQ�1R�

3DJH�_ ���RI���



&OLHQW�5HIHUHQFH���������7KH�%RDWKRXVH��*RY��3KLOOLS�3N��3DOP�%HDFK

������PJ�NJ=LQF

������PJ�NJ1LFNHO

����������������PJ�NJ0HUFXU\

������PJ�NJ/HDG

������PJ�NJ&RSSHU

�����PJ�NJ&KURPLXP

����������������PJ�NJ&DGPLXP

�����PJ�NJ$UVHQLF

�����������������������������������������'DWH�DQDO\VHG

�����������������������������������������'DWH�SUHSDUHG

6RLO6RLO6RLO6RLO7\SH�RI�VDPSOH

������%+��'XS,
QWUD

������%+�����������%+�����������%+�����81,76<RXU�5HIHUHQFH

������������������������������������2XU�5HIHUHQFH
$FLG�([WUDFWDEOH�PHWDOV�LQ�VRLO

(QYLURODE�5HIHUHQFH� ������
5��5HYLVLRQ�1R�

3DJH�_ ���RI���



&OLHQW�5HIHUHQFH���������7KH�%RDWKRXVH��*RY��3KLOOLS�3N��3DOP�%HDFK

�������������0RLVWXUH

�����������������������������������������'DWH�DQDO\VHG

�����������������������������������������'DWH�SUHSDUHG

6RLO6RLO6RLO6RLO7\SH�RI�VDPSOH

������%+��'XS,
QWUD

������%+�����������%+�����������%+�����81,76<RXU�5HIHUHQFH

������������������������������������2XU�5HIHUHQFH
0RLVWXUH

�������������0RLVWXUH

���������������������������������������������������'DWH�DQDO\VHG

���������������������������������������������������'DWH�SUHSDUHG

6RLO6RLO6RLO6RLO6RLO7\SH�RI�VDPSOH

������%+�����������%+�����������%+�����������%+�����������%+�����81,76<RXU�5HIHUHQFH

�����������������������������������������2XU�5HIHUHQFH
0RLVWXUH

���������������0RLVWXUH

���������������������������������������������������'DWH�DQDO\VHG

���������������������������������������������������'DWH�SUHSDUHG

6RLO6RLO6RLO6RLO6RLO7\SH�RI�VDPSOH

������%+�����������%+�����������%+�����������%+�����������%+������81,76<RXU�5HIHUHQFH

����������������������������������������2XU�5HIHUHQFH
0RLVWXUH

(QYLURODE�5HIHUHQFH� ������
5��5HYLVLRQ�1R�

3DJH�_ ���RI���



&OLHQW�5HIHUHQFH���������7KH�%RDWKRXVH��*RY��3KLOOLS�3N��3DOP�%HDFK

������������S+�8QLWVS+�����VRLO�ZDWHU

�����������������������������������������'DWH�DQDO\VHG

�����������������������������������������'DWH�SUHSDUHG

6RLO6RLO6RLO6RLO7\SH�RI�VDPSOH

������%+�����������%+�����������%+�����������%+������81,76<RXU�5HIHUHQFH

���������������������������������2XU�5HIHUHQFH
0LVF�,QRUJ���6RLO

(QYLURODE�5HIHUHQFH� ������
5��5HYLVLRQ�1R�

3DJH�_ ���RI���



&OLHQW�5HIHUHQFH���������7KH�%RDWKRXVH��*RY��3KLOOLS�3N��3DOP�%HDFK

�����PJ�/=LQF���'LVVROYHG

�����PJ�/1LFNHO���'LVVROYHG

�������PJ�/0HUFXU\���'LVVROYHG

�����PJ�//HDG���'LVVROYHG

�����PJ�/&RSSHU���'LVVROYHG

�����PJ�/&KURPLXP���'LVVROYHG

�����PJ�/&DGPLXP���'LVVROYHG

�����PJ�/$UVHQLF���'LVVROYHG

�����������'DWH�DQDO\VHG

�����������'DWH�GLJHVWHG

:DWHU7\SH�RI�VDPSOH

������5,181,76<RXU�5HIHUHQFH

���������2XU�5HIHUHQFH
0HWDOV�LQ�:DWHU���'LVVROYHG

(QYLURODE�5HIHUHQFH� ������
5��5HYLVLRQ�1R�

3DJH�_ ���RI���



&OLHQW�5HIHUHQFH���������7KH�%RDWKRXVH��*RY��3KLOOLS�3N��3DOP�%HDFK

6RLO�VDPSOHV�DUH�H[WUDFWHG�ZLWK�GLFKORURPHWKDQH�DFHWRQH�DQG�ZDWHUV�ZLWK�GLFKORURPHWKDQH�DQG�DQDO\VHG�E\�*&�06�*&�
0606�
�
�1RWH��WKH�7RWDO��YH�UHSRUWHG�'''�''(�''7�34/�LV�UHIOHFWLYH�RI�WKH�ORZHVW�LQGLYLGXDO�34/�DQG�LV�WKHUHIRUH�VLPSO\�D�VXP�RI�
WKH�SRVLWLYH�LQGLYLGXDOO\�UHSRUW�'''�''(�''7�

2UJ��������

6RLO�VDPSOHV�DUH�H[WUDFWHG�ZLWK�'LFKORURPHWKDQH�$FHWRQH�DQG�ZDWHUV�ZLWK�'LFKORURPHWKDQH�DQG�DQDO\VHG�E\�*&�06�*&�
0606�

2UJ��������

6RLO�VDPSOHV�DUH�H[WUDFWHG�ZLWK�GLFKORURPHWKDQH�DFHWRQH�DQG�ZDWHUV�ZLWK�GLFKORURPHWKDQH�DQG�DQDO\VHG�E\�*&�(&'�
�1RWH��WKH�7RWDO��YH�3&%V�34/�LV�UHIOHFWLYH�RI�WKH�ORZHVW�LQGLYLGXDO�34/�DQG�LV�WKHUHIRUH��7RWDO��YH�3&%V��LV�VLPSO\�D�VXP�RI�
WKH�SRVLWLYH�LQGLYLGXDO�3&%V�

2UJ����

6RLO�VDPSOHV�DUH�H[WUDFWHG�ZLWK�GLFKORURPHWKDQH�DFHWRQH�DQG�ZDWHUV�ZLWK�GLFKORURPHWKDQH�DQG�DQDO\VHG�E\�*&�(&'�2UJ����

6RLO�VDPSOHV�DUH�H[WUDFWHG�ZLWK�'LFKORURPHWKDQH�$FHWRQH�DQG�ZDWHUV�ZLWK�'LFKORURPHWKDQH�DQG�DQDO\VHG�E\�*&�),'�
�
�)�� ��!&���&����1DSKWKDOHQH�DV�SHU�1(30�%��*XLGHOLQH�RQ�,QYHVWLJDWLRQ�/HYHOV�IRU�6RLO�DQG�*URXQGZDWHU��+6/V�7DEOHV��$�
���������1RWH�1DSKWKDOHQH�LV�GHWHUPLQHG�IURP�WKH�92&�DQDO\VLV�
�
�1RWH��WKH�7RWDO��YH�75+�34/�LV�UHIOHFWLYH�RI�WKH�ORZHVW�LQGLYLGXDO�34/�DQG�LV�WKHUHIRUH��7RWDO��YH�75+��LV�VLPSO\�D�VXP�RI�WKH�
SRVLWLYH�LQGLYLGXDO�75+�IUDFWLRQV��!&���&����

2UJ����

6RLO�VDPSOHV�DUH�H[WUDFWHG�ZLWK�'LFKORURPHWKDQH�$FHWRQH�DQG�ZDWHUV�ZLWK�'LFKORURPHWKDQH�DQG�DQDO\VHG�E\�*&�),'��
�)�� ��!&���&����1DSKWKDOHQH�DV�SHU�1(30�%��*XLGHOLQH�RQ�,QYHVWLJDWLRQ�/HYHOV�IRU�6RLO�DQG�*URXQGZDWHU��+6/V�7DEOHV��$�
���������1RWH�1DSKWKDOHQH�LV�GHWHUPLQHG�IURP�WKH�92&�DQDO\VLV�

2UJ����

'HWHUPLQDWLRQ�RI�0HUFXU\�E\�&ROG�9DSRXU�$$6��0HWDOV����

'HWHUPLQDWLRQ�RI�YDULRXV�PHWDOV�E\�,&3�$(6��0HWDOV����

0RLVWXUH�FRQWHQW�GHWHUPLQHG�E\�KHDWLQJ�DW����������&�IRU�D�PLQLPXP�RI����KRXUV�
�

,QRUJ����

S+���0HDVXUHG�XVLQJ��S+�PHWHU�DQG�HOHFWURGH�LQ�DFFRUGDQFH�ZLWK�$3+$�ODWHVW�HGLWLRQ�������+���3OHDVH�QRWH�WKDW�WKH�UHVXOWV�IRU�
ZDWHU�DQDO\VHV�DUH�LQGLFDWLYH�RQO\��DV�DQDO\VLV�RXWVLGH�RI�WKH�$3+$�VWRUDJH�WLPHV�

,QRUJ����
0HWKRGRORJ\�6XPPDU\0HWKRG�,'

(QYLURODE�5HIHUHQFH� ������
5��5HYLVLRQ�1R�

3DJH�_ ���RI���



&OLHQW�5HIHUHQFH���������7KH�%RDWKRXVH��*RY��3KLOOLS�3N��3DOP�%HDFK

6RLO�VDPSOHV�DUH�H[WUDFWHG�ZLWK�PHWKDQRO�DQG�VSLNHG�LQWR�ZDWHU�SULRU�WR�DQDO\VLQJ�E\�SXUJH�DQG�WUDS�*&�06��:DWHU�VDPSOHV�
DUH�DQDO\VHG�GLUHFWO\�E\�SXUJH�DQG�WUDS�*&�06��)�� ��&��&����%7(;�DV�SHU�1(30�%��*XLGHOLQH�RQ�,QYHVWLJDWLRQ�/HYHOV�IRU�
6RLO�DQG�*URXQGZDWHU�
�1RWH��WKH�7RWDO��YH�;\OHQH�34/�LV�UHIOHFWLYH�RI�WKH�ORZHVW�LQGLYLGXDO�34/�DQG�LV�WKHUHIRUH��7RWDO��YH�;\OHQHV��LV�VLPSO\�D�VXP�
RI�WKH�SRVLWLYH�LQGLYLGXDO�;\OHQHV�

2UJ����

6RLO�VDPSOHV�DUH�H[WUDFWHG�ZLWK�PHWKDQRO�DQG�VSLNHG�LQWR�ZDWHU�SULRU�WR�DQDO\VLQJ�E\�SXUJH�DQG�WUDS�*&�06��:DWHU�VDPSOHV�
DUH�DQDO\VHG�GLUHFWO\�E\�SXUJH�DQG�WUDS�*&�06��)�� ��&��&����%7(;�DV�SHU�1(30�%��*XLGHOLQH�RQ�,QYHVWLJDWLRQ�/HYHOV�IRU�
6RLO�DQG�*URXQGZDWHU�

2UJ����

6RLO�VDPSOHV�DUH�H[WUDFWHG�ZLWK�PHWKDQRO�DQG�VSLNHG�LQWR�ZDWHU�SULRU�WR�DQDO\VLQJ�E\�SXUJH�DQG�WUDS�*&�06��2UJ����

6RLO�VDPSOHV�DUH�H[WUDFWHG�ZLWK�'LFKORURPHWKDQH�$FHWRQH�DQG�ZDWHUV�ZLWK�'LFKORURPHWKDQH�DQG�DQDO\VHG�E\�*&�06�DQG�RU�
*&�06�06��%HQ]R�D�S\UHQH�7(4�DV�SHU�1(30�%��*XLGHOLQH�RQ�,QYHVWLJDWLRQ�/HYHOV�IRU�6RLO�DQG�*URXQGZDWHU��������
�)RU�VRLO�UHVXOWV��
����µ(4�34/¶YDOXHV�DUH�DVVXPLQJ�DOO�FRQWULEXWLQJ�3$+V�UHSRUWHG�DV��34/�DUH�DFWXDOO\�DW�WKH�34/��7KLV�LV�WKH�PRVW�FRQVHUYDWLYH�
DSSURDFK�DQG�FDQ�JLYH�IDOVH�SRVLWLYH�7(4V�JLYHQ�WKDW�3$+V�WKDW�FRQWULEXWH�WR�WKH�7(4�FDOFXODWLRQ�PD\�QRW�EH�SUHVHQW��
����µ(4�]HUR¶YDOXHV�DUH�DVVXPLQJ�DOO�FRQWULEXWLQJ�3$+V�UHSRUWHG�DV��34/�DUH�]HUR��7KLV�LV�WKH�OHDVW�FRQVHUYDWLYH�DSSURDFK�DQG�
LV�PRUH�VXVFHSWLEOH�WR�IDOVH�QHJDWLYH�7(4V�ZKHQ�3$+V�WKDW�FRQWULEXWH�WR�WKH�7(4�FDOFXODWLRQ�DUH�SUHVHQW�EXW�EHORZ�34/�
����µ(4�KDOI�34/¶YDOXHV�DUH�DVVXPLQJ�DOO�FRQWULEXWLQJ�3$+V�UHSRUWHG�DV��34/�DUH�KDOI�WKH�VWLSXODWHG�34/��+HQFH�D�PLG�SRLQW�
EHWZHHQ�WKH�PRVW�DQG�OHDVW�FRQVHUYDWLYH�DSSURDFKHV�DERYH�
�1RWH��WKH�7RWDO��YH�3$+V�34/�LV�UHIOHFWLYH�RI�WKH�ORZHVW�LQGLYLGXDO�34/�DQG�LV�WKHUHIRUH��7RWDO��YH�3$+V��LV�VLPSO\�D�VXP�RI�
WKH�SRVLWLYH�LQGLYLGXDO�3$+V�

2UJ��������
0HWKRGRORJ\�6XPPDU\0HWKRG�,'

(QYLURODE�5HIHUHQFH� ������
5��5HYLVLRQ�1R�

3DJH�_ ���RI���



&OLHQW�5HIHUHQFH���������7KH�%RDWKRXVH��*RY��3KLOOLS�3N��3DOP�%HDFK

>17@>17@��������2UJ�����PJ�NJ��������WHWUDFKORURHWKDQH

>17@>17@��������2UJ�����PJ�NJVW\UHQH

>17@>17@��������2UJ�����PJ�NJP�S�[\OHQH

>17@>17@��������2UJ�����PJ�NJEURPRIRUP

>17@>17@��������2UJ�����PJ�NJ(WK\OEHQ]HQH

>17@>17@��������2UJ�����PJ�NJFKORUREHQ]HQH

>17@>17@��������2UJ�����PJ�NJ��������WHWUDFKORURHWKDQH

�������������2UJ�����PJ�NJWHWUDFKORURHWKHQH

>17@>17@��������2UJ�����PJ�NJ����GLEURPRHWKDQH

�������������2UJ�����PJ�NJGLEURPRFKORURPHWKDQH

>17@>17@��������2UJ�����PJ�NJ����GLFKORURSURSDQH

>17@>17@��������������2UJ�������PJ�NJ7ROXHQH

>17@>17@��������2UJ�����PJ�NJ������WULFKORURHWKDQH

>17@>17@��������2UJ�����PJ�NJFLV�����GLFKORURSURSHQH

>17@>17@��������2UJ�����PJ�NJWUDQV�����GLFKORURSURSHQH

�������������2UJ�����PJ�NJEURPRGLFKORURPHWKDQH

������������2UJ�����PJ�NJWULFKORURHWKHQH

>17@>17@��������2UJ�����PJ�NJ����GLFKORURSURSDQH

>17@>17@��������2UJ�����PJ�NJGLEURPRPHWKDQH

>17@>17@��������������2UJ�������PJ�NJ%HQ]HQH

>17@>17@��������2UJ�����PJ�NJFDUERQ�WHWUDFKORULGH

>17@>17@��������2UJ�����PJ�NJ&\FORKH[DQH

>17@>17@��������2UJ�����PJ�NJ����GLFKORURSURSHQH

�������������2UJ�����PJ�NJ������WULFKORURHWKDQH

������������2UJ�����PJ�NJ����GLFKORURHWKDQH

>17@>17@��������2UJ�����PJ�NJ����GLFKORURSURSDQH

�������������2UJ�����PJ�NJFKORURIRUP

>17@>17@��������2UJ�����PJ�NJEURPRFKORURPHWKDQH

>17@>17@��������2UJ�����PJ�NJFLV�����GLFKORURHWKHQH

�������������2UJ�����PJ�NJ����GLFKORURHWKDQH

>17@>17@��������2UJ�����PJ�NJWUDQV�����GLFKORURHWKHQH

>17@>17@��������2UJ�����PJ�NJ����'LFKORURHWKHQH

>17@>17@��������2UJ�����PJ�NJ7ULFKORURIOXRURPHWKDQH

>17@>17@��������2UJ�����PJ�NJ&KORURHWKDQH

>17@>17@��������2UJ�����PJ�NJ%URPRPHWKDQH

>17@>17@��������2UJ�����PJ�NJ9LQ\O�&KORULGH

>17@>17@��������2UJ�����PJ�NJ&KORURPHWKDQH

>17@>17@��������2UJ�����PJ�NJ'LFKORURGLIOXRURPHWKDQH

����������������������������������������������������'DWH�DQDO\VHG

����������������������������������������������������'DWH�H[WUDFWHG

��������/&6��53''XS�%DVH�%ODQN0HWKRG34/8QLWV7HVW�'HVFULSWLRQ
6SLNH�5HFRYHU\��'XSOLFDWH48$/,7<�&21752/��92&V�LQ�VRLO

(QYLURODE�5HIHUHQFH� ������
5��5HYLVLRQ�1R�

3DJH�_ ���RI���



&OLHQW�5HIHUHQFH���������7KH�%RDWKRXVH��*RY��3KLOOLS�3N��3DOP�%HDFK

�����������������2UJ�����6XUURJDWH���%URPRIOXRUREHQ]HQH

���������������2UJ�����6XUURJDWH�7ROXHQH�G��

���������������2UJ�����6XUURJDWH�DDD�7ULIOXRURWROXHQH

����������������2UJ�����6XUURJDWH�'LEURPRIOXRURPHWKD

>17@>17@��������2UJ�����PJ�NJ������WULFKORUREHQ]HQH

>17@>17@��������2UJ�����PJ�NJKH[DFKORUREXWDGLHQH

>17@>17@��������2UJ�����PJ�NJ������WULFKORUREHQ]HQH

>17@>17@��������2UJ�����PJ�NJ����GLEURPR���FKORURSURSDQH

>17@>17@��������2UJ�����PJ�NJQ�EXW\O�EHQ]HQH

>17@>17@��������2UJ�����PJ�NJ����GLFKORUREHQ]HQH

>17@>17@��������2UJ�����PJ�NJ��LVRSURS\O�WROXHQH

>17@>17@��������2UJ�����PJ�NJ����GLFKORUREHQ]HQH

>17@>17@��������2UJ�����PJ�NJVHF�EXW\O�EHQ]HQH

>17@>17@��������2UJ�����PJ�NJ����GLFKORUREHQ]HQH

>17@>17@��������2UJ�����PJ�NJ������WULPHWK\O�EHQ]HQH

>17@>17@��������2UJ�����PJ�NJWHUW�EXW\O�EHQ]HQH

>17@>17@��������2UJ�����PJ�NJ������WULPHWK\O�EHQ]HQH

>17@>17@��������2UJ�����PJ�NJ��FKORURWROXHQH

>17@>17@��������2UJ�����PJ�NJ��FKORURWROXHQH

>17@>17@��������2UJ�����PJ�NJQ�SURS\O�EHQ]HQH

>17@>17@��������2UJ�����PJ�NJEURPREHQ]HQH

>17@>17@��������2UJ�����PJ�NJLVRSURS\OEHQ]HQH

>17@>17@��������2UJ�����PJ�NJ������WULFKORURSURSDQH

>17@>17@��������2UJ�����PJ�NJR�;\OHQH

��������/&6��53''XS�%DVH�%ODQN0HWKRG34/8QLWV7HVW�'HVFULSWLRQ
6SLNH�5HFRYHU\��'XSOLFDWH48$/,7<�&21752/��92&V�LQ�VRLO

(QYLURODE�5HIHUHQFH� ������
5��5HYLVLRQ�1R�

3DJH�_ ���RI���



&OLHQW�5HIHUHQFH���������7KH�%RDWKRXVH��*RY��3KLOOLS�3N��3DOP�%HDFK

�������������2UJ�����6XUURJDWH�DDD�7ULIOXRURWROXHQH

>17@>17@��������2UJ�����PJ�NJQDSKWKDOHQH

�������������2UJ�����PJ�NJR�;\OHQH

�������������2UJ�����PJ�NJP�S�[\OHQH

�������������2UJ�����PJ�NJ(WK\OEHQ]HQH

�������������������2UJ�������PJ�NJ7ROXHQH

�������������������2UJ�������PJ�NJ%HQ]HQH

����������������2UJ������PJ�NJ75+�&�����&���

����������������2UJ������PJ�NJ75+�&�����&��

����������������������������������������������������'DWH�DQDO\VHG

����������������������������������������������������'DWH�H[WUDFWHG

��������/&6��53''XS�%DVH�%ODQN0HWKRG34/8QLWV7HVW�'HVFULSWLRQ
6SLNH�5HFRYHU\��'XSOLFDWH48$/,7<�&21752/��Y75+�&��&����%7(;1�LQ�6RLO

(QYLURODE�5HIHUHQFH� ������
5��5HYLVLRQ�1R�

3DJH�_ ���RI���



&OLHQW�5HIHUHQFH���������7KH�%RDWKRXVH��*RY��3KLOOLS�3N��3DOP�%HDFK

������������2UJ�����6XUURJDWH�R�7HUSKHQ\O

������������������2UJ�������PJ�NJ75+�!&����&����

������������������2UJ�������PJ�NJ75+�!&����&���

�����������������2UJ������PJ�NJ75+�!&����&���

������������������2UJ�������PJ�NJ75+�&������&���

������������������2UJ�������PJ�NJ75+�&������&���

�����������������2UJ������PJ�NJ75+�&������&���

����������������������������������������������������'DWH�DQDO\VHG

����������������������������������������������������'DWH�H[WUDFWHG

��������/&6��53''XS�%DVH�%ODQN0HWKRG34/8QLWV7HVW�'HVFULSWLRQ
6SLNH�5HFRYHU\��'XSOLFDWH48$/,7<�&21752/��VY75+��&���&����LQ�6RLO

(QYLURODE�5HIHUHQFH� ������
5��5HYLVLRQ�1R�

3DJH�_ ���RI���



&OLHQW�5HIHUHQFH���������7KH�%RDWKRXVH��*RY��3KLOOLS�3N��3DOP�%HDFK

�������������2UJ���������6XUURJDWH�S�7HUSKHQ\O�G��

>17@>17@��������������2UJ�����������PJ�NJ%HQ]R�J�K�L�SHU\OHQH

>17@>17@��������������2UJ�����������PJ�NJ'LEHQ]R�D�K�DQWKUDFHQH

>17@>17@��������������2UJ�����������PJ�NJ,QGHQR�������F�G�S\UHQH

����������������������2UJ������������PJ�NJ%HQ]R�D�S\UHQH

>17@>17@��������������2UJ�����������PJ�NJ%HQ]R�E�M�N�IOXRUDQWKHQH

�������������������2UJ�����������PJ�NJ&KU\VHQH

>17@>17@��������������2UJ�����������PJ�NJ%HQ]R�D�DQWKUDFHQH

������������������2UJ�����������PJ�NJ3\UHQH

������������������2UJ�����������PJ�NJ)OXRUDQWKHQH

>17@>17@��������������2UJ�����������PJ�NJ$QWKUDFHQH

������������������2UJ�����������PJ�NJ3KHQDQWKUHQH

������������������2UJ�����������PJ�NJ)OXRUHQH

�������������������2UJ�����������PJ�NJ$FHQDSKWKHQH

>17@>17@��������������2UJ�����������PJ�NJ$FHQDSKWK\OHQH

������������������2UJ�����������PJ�NJ1DSKWKDOHQH

����������������������������������������������������'DWH�DQDO\VHG

����������������������������������������������������'DWH�H[WUDFWHG

��������/&6��53''XS�%DVH�%ODQN0HWKRG34/8QLWV7HVW�'HVFULSWLRQ
6SLNH�5HFRYHU\��'XSOLFDWH48$/,7<�&21752/��3$+V�LQ�6RLO

(QYLURODE�5HIHUHQFH� ������
5��5HYLVLRQ�1R�

3DJH�_ ���RI���



&OLHQW�5HIHUHQFH���������7KH�%RDWKRXVH��*RY��3KLOOLS�3N��3DOP�%HDFK

������������2UJ���������6XUURJDWH�7&0;

>17@>17@��������������2UJ�����������PJ�NJ0HWKR[\FKORU

������������������2UJ�����������PJ�NJ(QGRVXOIDQ�6XOSKDWH

>17@>17@��������������2UJ�����������PJ�NJSS�''7

>17@>17@��������������2UJ�����������PJ�NJ(QGULQ�$OGHK\GH

������������������2UJ�����������PJ�NJSS�'''

>17@>17@��������������2UJ�����������PJ�NJ(QGRVXOIDQ�,,

�������������������2UJ�����������PJ�NJ(QGULQ

��������������������2UJ�����������PJ�NJ'LHOGULQ

������������������2UJ�����������PJ�NJSS�''(

>17@>17@��������������2UJ�����������PJ�NJ(QGRVXOIDQ�,

>17@>17@��������������2UJ�����������PJ�NJDOSKD�FKORUGDQH

>17@>17@��������������2UJ�����������PJ�NJJDPPD�&KORUGDQH

������������������2UJ�����������PJ�NJ+HSWDFKORU�(SR[LGH

������������������2UJ�����������PJ�NJ$OGULQ

>17@>17@��������������2UJ�����������PJ�NJGHOWD�%+&

������������������2UJ�����������PJ�NJ+HSWDFKORU

>17@>17@��������������2UJ�����������PJ�NJJDPPD�%+&

������������������2UJ�����������PJ�NJEHWD�%+&

>17@>17@��������������2UJ�����������PJ�NJ+&%

������������������2UJ�����������PJ�NJDOSKD�%+&

����������������������������������������������������'DWH�DQDO\VHG

����������������������������������������������������'DWH�H[WUDFWHG

��������/&6��53''XS�%DVH�%ODQN0HWKRG34/8QLWV7HVW�'HVFULSWLRQ
6SLNH�5HFRYHU\��'XSOLFDWH48$/,7<�&21752/��2UJDQRFKORULQH�3HVWLFLGHV��LQ�VRLO

(QYLURODE�5HIHUHQFH� ������
5��5HYLVLRQ�1R�

3DJH�_ ���RI���



&OLHQW�5HIHUHQFH���������7KH�%RDWKRXVH��*RY��3KLOOLS�3N��3DOP�%HDFK

������������2UJ�����6XUURJDWH�7&0;

>17@>17@��������������2UJ�������PJ�NJ$URFORU�����

������������������2UJ�������PJ�NJ$URFORU�����

>17@>17@��������������2UJ�������PJ�NJ$URFORU�����

>17@>17@��������������2UJ�������PJ�NJ$URFORU�����

>17@>17@��������������2UJ�������PJ�NJ$URFORU�����

>17@>17@��������������2UJ�������PJ�NJ$URFORU�����

>17@>17@��������������2UJ�������PJ�NJ$URFORU�����

����������������������������������������������������'DWH�DQDO\VHG

����������������������������������������������������'DWH�H[WUDFWHG

��������/&6��53''XS�%DVH�%ODQN0HWKRG34/8QLWV7HVW�'HVFULSWLRQ
6SLNH�5HFRYHU\��'XSOLFDWH48$/,7<�&21752/��3&%V�LQ�6RLO

(QYLURODE�5HIHUHQFH� ������
5��5HYLVLRQ�1R�

3DJH�_ ���RI���



&OLHQW�5HIHUHQFH���������7KH�%RDWKRXVH��*RY��3KLOOLS�3N��3DOP�%HDFK

>17@>17@�������>17@0HWDOV�����PJ�NJ=LQF

>17@>17@�����>17@0HWDOV�����PJ�NJ1LFNHO

>17@>17@�����������>17@0HWDOV�������PJ�NJ0HUFXU\

>17@>17@�������>17@0HWDOV�����PJ�NJ/HDG

>17@>17@��������>17@0HWDOV�����PJ�NJ&RSSHU

>17@>17@�����>17@0HWDOV�����PJ�NJ&KURPLXP

>17@>17@�����������>17@0HWDOV�������PJ�NJ&DGPLXP

>17@>17@�����>17@0HWDOV�����PJ�NJ$UVHQLF

>17@>17@����������������������>17@�'DWH�DQDO\VHG

>17@>17@����������������������>17@�'DWH�SUHSDUHG

>17@>17@53''XS�%DVH�%ODQN0HWKRG34/8QLWV7HVW�'HVFULSWLRQ
6SLNH�5HFRYHU\��'XSOLFDWH48$/,7<�&21752/��$FLG�([WUDFWDEOH�PHWDOV�LQ�VRLO

�����������0HWDOV�����PJ�NJ=LQF

������������0HWDOV�����PJ�NJ1LFNHO

�������������������0HWDOV�������PJ�NJ0HUFXU\

������������0HWDOV�����PJ�NJ/HDG

������������0HWDOV�����PJ�NJ&RSSHU

�����������0HWDOV�����PJ�NJ&KURPLXP

������������������0HWDOV�������PJ�NJ&DGPLXP

������������0HWDOV�����PJ�NJ$UVHQLF

����������������������������������������������������'DWH�DQDO\VHG

����������������������������������������������������'DWH�SUHSDUHG

��������/&6��53''XS�%DVH�%ODQN0HWKRG34/8QLWV7HVW�'HVFULSWLRQ
6SLNH�5HFRYHU\��'XSOLFDWH48$/,7<�&21752/��$FLG�([WUDFWDEOH�PHWDOV�LQ�VRLO

(QYLURODE�5HIHUHQFH� ������
5��5HYLVLRQ�1R�

3DJH�_ ���RI���



&OLHQW�5HIHUHQFH���������7KH�%RDWKRXVH��*RY��3KLOOLS�3N��3DOP�%HDFK

>17@����������>17@,QRUJ����S+�8QLWVS+�����VRLO�ZDWHU

>17@������������������������������������������'DWH�DQDO\VHG

>17@������������������������������������������'DWH�SUHSDUHG

>17@/&6�:�53''XS�%DVH�%ODQN0HWKRG34/8QLWV7HVW�'HVFULSWLRQ
6SLNH�5HFRYHU\��'XSOLFDWH48$/,7<�&21752/��0LVF�,QRUJ���6RLO

(QYLURODE�5HIHUHQFH� ������
5��5HYLVLRQ�1R�

3DJH�_ ���RI���



&OLHQW�5HIHUHQFH���������7KH�%RDWKRXVH��*RY��3KLOOLS�3N��3DOP�%HDFK

>17@��>17@>17@>17@>17@�����0HWDOV��������PJ�/=LQF���'LVVROYHG

>17@���>17@>17@>17@>17@�����0HWDOV��������PJ�/1LFNHO���'LVVROYHG

>17@���>17@>17@>17@>17@�������0HWDOV����������PJ�/0HUFXU\���'LVVROYHG

>17@���>17@>17@>17@>17@�����0HWDOV��������PJ�//HDG���'LVVROYHG

>17@���>17@>17@>17@>17@�����0HWDOV��������PJ�/&RSSHU���'LVVROYHG

>17@��>17@>17@>17@>17@�����0HWDOV��������PJ�/&KURPLXP���'LVVROYHG

>17@��>17@>17@>17@>17@�����0HWDOV��������PJ�/&DGPLXP���'LVVROYHG

>17@���>17@>17@>17@>17@�����0HWDOV��������PJ�/$UVHQLF���'LVVROYHG

>17@����������>17@>17@>17@>17@�����������'DWH�DQDO\VHG

>17@����������>17@>17@>17@>17@�����������'DWH�GLJHVWHG

>17@/&6�:�53''XS�%DVH�%ODQN0HWKRG34/8QLWV7HVW�'HVFULSWLRQ
6SLNH�5HFRYHU\��'XSOLFDWH48$/,7<�&21752/��0HWDOV�LQ�:DWHU���'LVVROYHG

(QYLURODE�5HIHUHQFH� ������
5��5HYLVLRQ�1R�

3DJH�_ ���RI���



&OLHQW�5HIHUHQFH���������7KH�%RDWKRXVH��*RY��3KLOOLS�3N��3DOP�%HDFK

1RW�5HSRUWHG15
1DWLRQDO�(QYLURQPHQWDO�3URWHFWLRQ�0HDVXUH1(30
1RW�VSHFLILHG16
/DERUDWRU\�&RQWURO�6DPSOH/&6
5HODWLYH�3HUFHQW�'LIIHUHQFH53'
*UHDWHU�WKDQ!
/HVV�WKDQ�
3UDFWLFDO�4XDQWLWDWLRQ�/LPLW34/
,QVXIILFLHQW�VDPSOH�IRU�WKLV�WHVW,16
7HVW�QRW�UHTXLUHG1$
1RW�WHVWHG17

5HVXOW�'HILQLWLRQV

(QYLURODE�5HIHUHQFH� ������
5��5HYLVLRQ�1R�

3DJH�_ ���RI���



&OLHQW�5HIHUHQFH���������7KH�%RDWKRXVH��*RY��3KLOOLS�3N��3DOP�%HDFK

*XLGHOLQH�OLPLWV�IRU�5LQVH�:DWHU�4XDOLW\�UHSRUWHG�DV�SHU�DQDO\WLFDO�UHTXLUHPHQWV�DQG�VSHFLILFDWLRQV�RI�$6�������$PGW���������7DEOH
���

7KH�UHFRPPHQGHG�PD[LPXPV�IRU�DQDO\WHV�LQ�XULQH�DUH�WDNHQ�IURP�³�����7/9V�DQG�%(,V´��DV�SXEOLVKHG�E\�$&*,+��ZKHUH�DYDLODEOH��
/LPLW�SURYLGHG�IRU�1LFNHO�LV�D�SUHFDXWLRQDU\�JXLGHOLQH�DV�SHU�3RVLWLRQ�3DSHU�SUHSDUHG�E\�$,2+�([SRVXUH�6WDQGDUGV�&RPPLWWHH�
�����

$XVWUDOLDQ�'ULQNLQJ�:DWHU�*XLGHOLQHV�UHFRPPHQG�WKDW�7KHUPRWROHUDQW�&ROLIRUP��)DHFDO�(QWHURFRFFL��	�(�&ROL�OHYHOV�DUH�OHVV�WKDQ
�FIX����P/��7KH�UHFRPPHQGHG�PD[LPXPV�DUH�WDNHQ�IURP��$XVWUDOLDQ�'ULQNLQJ�:DWHU�*XLGHOLQHV���SXEOLVKHG�E\�1+05&�	�$50&
�����

6XUURJDWHV�DUH�NQRZQ�DGGLWLRQV�WR�HDFK�VDPSOH��EODQN��PDWUL[�VSLNH�DQG�/&6�LQ�D�EDWFK��RI�FRPSRXQGV�ZKLFK
DUH�VLPLODU�WR�WKH�DQDO\WH�RI�LQWHUHVW��KRZHYHU�DUH�QRW�H[SHFWHG�WR�EH�IRXQG�LQ�UHDO�VDPSOHV�6XUURJDWH�6SLNH

7KLV�FRPSULVHV�HLWKHU�D�VWDQGDUG�UHIHUHQFH�PDWHULDO�RU�D�FRQWURO�PDWUL[��VXFK�DV�D�EODQN�VDQG�RU�ZDWHU��IRUWLILHG
ZLWK�DQDO\WHV�UHSUHVHQWDWLYH�RI�WKH�DQDO\WH�FODVV��,W�LV�VLPSO\�D�FKHFN�VDPSOH�

/&6��/DERUDWRU\
&RQWURO�6DPSOH�

$�SRUWLRQ�RI�WKH�VDPSOH�LV�VSLNHG�ZLWK�D�NQRZQ�FRQFHQWUDWLRQ�RI�WDUJHW�DQDO\WH��7KH�SXUSRVH�RI�WKH�PDWUL[�VSLNH
LV�WR�PRQLWRU�WKH�SHUIRUPDQFH�RI�WKH�DQDO\WLFDO�PHWKRG�XVHG�DQG�WR�GHWHUPLQH�ZKHWKHU�PDWUL[�LQWHUIHUHQFHV
H[LVW�

0DWUL[�6SLNH

7KLV�LV�WKH�FRPSOHWH�GXSOLFDWH�DQDO\VLV�RI�D�VDPSOH�IURP�WKH�SURFHVV�EDWFK��,I�SRVVLEOH��WKH�VDPSOH�VHOHFWHG
VKRXOG�EH�RQH�ZKHUH�WKH�DQDO\WH�FRQFHQWUDWLRQ�LV�HDVLO\�PHDVXUDEOH�'XSOLFDWH

7KLV�LV�WKH�FRPSRQHQW�RI�WKH�DQDO\WLFDO�VLJQDO�ZKLFK�LV�QRW�GHULYHG�IURP�WKH�VDPSOH�EXW�IURP�UHDJHQWV�
JODVVZDUH�HWF��FDQ�EH�GHWHUPLQHG�E\�SURFHVVLQJ�VROYHQWV�DQG�UHDJHQWV�LQ�H[DFWO\�WKH�VDPH�PDQQHU�DV�IRU
VDPSOHV�

%ODQN

4XDOLW\�&RQWURO�'HILQLWLRQV

6DPSOHV�IRU�0LFURELRORJLFDO�DQDO\VLV��QRW�$PRHED�IRUPV��UHFHLYHG�RXWVLGH�RI�WKH�����&�WHPSHUDWXUH�UDQJH�GR�QRW�PHHW�WKH�LGHDO
FRROLQJ�FRQGLWLRQV�DV�VWDWHG�LQ�$6����������

$QDO\VLV�RI�DTXHRXV�VDPSOHV�W\SLFDOO\�LQYROYHV�WKH�H[WUDFWLRQ�GLJHVWLRQ�DQG�RU�DQDO\VLV�RI�WKH�OLTXLG�SKDVH�RQO\��L�H��127�DQ\�VHWWOHG
VHGLPHQW�SKDVH�EXW�LQFOXVLYH�RI�VXVSHQGHG�SDUWLFOHV�LI�SUHVHQW���XQOHVV�VWLSXODWHG�RQ�WKH�(QYLURODE�&2&�DQG�RU�E\�FRUUHVSRQGHQFH�
1RWDEOH�H[FHSWLRQV�LQFOXGH�FHUWDLQ�3K\VLFDO�7HVWV��S+�(&�%2'�&2'�$SSDUHQW�&RORXU�HWF����6ROLGV�WHVWLQJ��WRWDO�UHFRYHUDEOH�PHWDOV
DQG�3)$6�ZKHUH�VROLGV�DUH�LQFOXGHG�E\�GHIDXOW�

0HDVXUHPHQW�8QFHUWDLQW\�HVWLPDWHV�DUH�DYDLODEOH�IRU�PRVW�WHVWV�XSRQ�UHTXHVW�

:KHUH�VDPSOLQJ�GDWHV�DUH�QRW�SURYLGHG��(QYLURODE�DUH�QRW�LQ�D�SRVLWLRQ�WR�FRPPHQW�RQ�WKH�YDOLGLW\�RI�WKH�DQDO\VLV�ZKHUH
UHFRPPHQGHG�WHFKQLFDO�KROGLQJ�WLPHV�PD\�KDYH�EHHQ�EUHDFKHG�

:KHQ�VDPSOHV�DUH�UHFHLYHG�ZKHUH�FHUWDLQ�DQDO\WHV�DUH�RXWVLGH�RI�UHFRPPHQGHG�WHFKQLFDO�KROGLQJ�WLPHV��7+7V���WKH�DQDO\VLV�KDV
SURFHHGHG��:KHUH�DQDO\WHV�DUH�RQ�WKH�YHUJH�RI�EUHDFKLQJ�7+7V��HYHU\�HIIRUW�ZLOO�EH�PDGH�WR�DQDO\VH�ZLWKLQ�WKH�7+7�RU�DV�VRRQ�DV
SUDFWLFDEOH�

,Q�FLUFXPVWDQFHV�ZKHUH�QR�GXSOLFDWH�DQG�RU�VDPSOH�VSLNH�KDV�EHHQ�UHSRUWHG�DW���LQ����DQG�RU���LQ����VDPSOHV�UHVSHFWLYHO\��WKH
VDPSOH�YROXPH�VXEPLWWHG�ZDV�LQVXIILFLHQW�LQ�RUGHU�WR�VDWLVI\�ODERUDWRU\�4$�4&�SURWRFROV�

0DWUL[�6SLNHV��/&6�DQG�6XUURJDWH�UHFRYHULHV��*HQHUDOO\���������IRU�LQRUJDQLFV�PHWDOV��QRW�632&$6�����������IRU
RUJDQLFV�632&$6���������VXUURJDWHV��DQG���������IRU�ODELOH�692&V��LQFOXGLQJ�ODELOH�VXUURJDWHV���XOWUD�WUDFH�RUJDQLFV�DQG
VSHFLDWHG�SKHQROV�LV�DFFHSWDEOH�

'XSOLFDWHV��!��[34/���53'�DFFHSWDQFH�FULWHULD�ZLOO�YDU\�GHSHQGLQJ�RQ�WKH�DQDO\WHV�DQG�WKH�DQDO\WLFDO�WHFKQLTXHV�EXW�LV�W\SLFDOO\�LQ
WKH�UDQJH���������±�VHH�(/1�3���4$�4&�WDEOHV�IRU�GHWDLOV�����[34/���53'�DUH�KLJKHU�DV�WKH�UHVXOWV�DSSURDFK�34/�DQG�WKH
HVWLPDWHG�PHDVXUHPHQW�XQFHUWDLQW\�ZLOO�VWDWLVWLFDOO\�LQFUHDVH�

)RU�92&V�LQ�ZDWHU�VDPSOHV��WKUHH�YLDOV�DUH�UHTXLUHG�IRU�GXSOLFDWH�RU�VSLNH�DQDO\VLV�

6SLNHV�IRU�3K\VLFDO�DQG�$JJUHJDWH�7HVWV�DUH�QRW�DSSOLFDEOH�

)LOWHUV��VZDEV��ZLSHV��WXEHV�DQG�EDGJHV�ZLOO�QRW�KDYH�GXSOLFDWH�GDWD�DV�WKH�ZKROH�VDPSOH�LV�JHQHUDOO\�H[WUDFWHG�GXULQJ�VDPSOH
H[WUDFWLRQ�

'XSOLFDWH�VDPSOH�DQG�PDWUL[�VSLNH�UHFRYHULHV�PD\�QRW�EH�UHSRUWHG�RQ�VPDOOHU�MREV��KRZHYHU��ZHUH�DQDO\VHG�DW�D�IUHTXHQF\�WR�PHHW
RU�H[FHHG�1(30�UHTXLUHPHQWV��$OO�VDPSOHV�DUH�WHVWHG�LQ�EDWFKHV�RI�����7KH�GXSOLFDWH�VDPSOH�53'�DQG�PDWUL[�VSLNH�UHFRYHULHV�IRU
WKH�EDWFK�ZHUH�ZLWKLQ�WKH�ODERUDWRU\�DFFHSWDQFH�FULWHULD�

/DERUDWRU\�$FFHSWDQFH�&ULWHULD

(QYLURODE�5HIHUHQFH� ������
5��5HYLVLRQ�1R�

3DJH�_ ���RI���



&OLHQW�5HIHUHQFH���������7KH�%RDWKRXVH��*RY��3KLOOLS�3N��3DOP�%HDFK

'LVVROYHG�0HWDOV��QR�ILOWHUHG��SUHVHUYHG�VDPSOH�ZDV�UHFHLYHG�IRU�VDPSOH������������WKHUHIRUH�WKH�XQSUHVHUYHG�VDPSOH�ZDV�ILOWHUHG�
WKURXJK������P�ILOWHU�DW�WKH�ODE��1RWH��WKHUH�LV�D�SRVVLELOLW\�VRPH�HOHPHQWV�PD\�EH�XQGHUHVWLPDWHG�

5HSRUW�&RPPHQWV

(QYLURODE�5HIHUHQFH� ������
5��5HYLVLRQ�1R�

3DJH�_ ���RI���





(QYLURODE�6HUYLFHV�3W\�/WG
$%1���������������������

���5HVHDUFK�'ULYH�&UR\GRQ�6RXWK�9,&�����
SK����������������ID[�������������

PHOERXUQH#HQYLURODE�FRP�DX
ZZZ�HQYLURODE�FRP�DX

6$03/(�5(&(,37�$'9,&(

0LFKDHO�(GZDUGV$WWHQWLRQ
(GZDUGV�%ODVFKH�*URXS�$&1&OLHQW

&OLHQW�'HWDLOV

����������'DWH�5HVXOWV�([SHFWHG�WR�EH�5HSRUWHG
����������'DWH�,QVWUXFWLRQV�5HFHLYHG
����������'DWH�6DPSOH�5HFHLYHG
�����(QYLURODE�5HIHUHQFH
7KH�%RDWKRXVH�*RY��3KLOOLS�3N��3DOP�%HDFK�16:<RXU�UHIHUHQFH

6DPSOH�/RJLQ�'HWDLOV

<(66DPSOLQJ�'DWH�3URYLGHG
,FH�3DFN&RROLQJ�0HWKRG
����7HPSHUDWXUH�RQ�5HFHLSW���&�
6WDQGDUG7XUQDURXQG�7LPH�5HTXHVWHG
��6RLO1R��RI�6DPSOHV�3URYLGHG
<HV6DPSOHV�UHFHLYHG�LQ�DSSURSULDWH�FRQGLWLRQ�IRU�DQDO\VLV

6DPSOH�&RQGLWLRQ

1LO
&RPPHQWV

3OHDVH�GLUHFW�DQ\�TXHULHV�WR�

(PDLO����FGHOXFD#HQYLURODE�FRP�DX(PDLO����SDGDPV#HQYLURODE�FRP�DX
)D[�������������������)D[�������������������
3KRQH��������������3KRQH��������������
&KULV�'H�/XFD3DPHOD�$GDPV

$QDO\VLV�8QGHUZD\��GHWDLOV�RQ�WKH�IROORZLQJ�SDJH�

3DJH�_ ��RI��



(QYLURODE�6HUYLFHV�3W\�/WG
$%1���������������������

���5HVHDUFK�'ULYH�&UR\GRQ�6RXWK�9,&�����
SK����������������ID[�������������

PHOERXUQH#HQYLURODE�FRP�DX
ZZZ�HQYLURODE�FRP�DX

3������%+��'83�,QWHU

$
FL
G�
([

WU
DF
WD
EO
H�
P
HW
DO
VL
Q�
VR
LO

6DPSOH�,'

7KH�
 7+,6�,6�127�$�5(3257�2)�7+(�5(68/76�3
�LQGLFDWHV�WKH�WHVWLQJ�\RX�KDYH�UHTXHVWHG�

3OHDVH�FRQWDFW�WKH�ODERUDWRU\�LPPHGLDWHO\�LI�REVHUYHG�VHWWOHG�VHGLPHQW�SUHVHQW�LQ�ZDWHU�VDPSOHV�LV�WR�EH�LQFOXGHG�LQ�WKH�H[WUDFWLRQ
DQG�RU�DQDO\VLV��H[FHSWLRQV�LQFOXGH�FHUWDLQ�3K\VLFDO�7HVWV��S+�(&�%2'�&2'�$SSDUHQW�&RORXU�HWF����6ROLGV�WHVWLQJ��7RWDO�5HFRYHUDEOH
PHWDOV�DQG�3)$6�DQDO\VLV�ZKHUH�VROLGV�DUH�LQFOXGHG�E\�GHIDXOW�

5HTXHVWV�IRU�ORQJHU�WHUP�VDPSOH�VWRUDJH�PXVW�EH�UHFHLYHG�LQ�ZULWLQJ�

6DPSOH�VWRUDJH���:DWHUV�DUH�URXWLQHO\�GLVSRVHG�RI�DSSUR[LPDWHO\���PRQWK�DQG�VRLOV�DSSUR[LPDWHO\���PRQWKV�IURP�UHFHLSW�
$GGLWLRQDO�,QIR

3DJH�_ ��RI��



(QYLURODE�6HUYLFHV�3W\�/WG
$%1���������������������

���5HVHDUFK�'ULYH�&UR\GRQ�6RXWK�9,&�����
SK����������������ID[�������������

PHOERXUQH#HQYLURODE�FRP�DX
ZZZ�HQYLURODE�FRP�DX

&(57,),&$7(�2)�$1$/<6,6������

32�%R[����������$QQDQGDOH���$QQDQGDOH��16:������$GGUHVV
0LFKDHO�(GZDUGV$WWHQWLRQ
(GZDUGV�%ODVFKH�*URXS�$&1&OLHQW

&OLHQW�'HWDLOV

����������'DWH�FRPSOHWHG�LQVWUXFWLRQV�UHFHLYHG
����������'DWH�VDPSOHV�UHFHLYHG
��6RLO1XPEHU�RI�6DPSOHV
7KH�%RDWKRXVH�*RY��3KLOOLS�3N��3DOP�%HDFK�16:<RXU�5HIHUHQFH

6DPSOH�'HWDLOV

5HVXOWV�DUH�UHSRUWHG�RQ�D�GU\�ZHLJKW�EDVLV�IRU�VROLGV�DQG�RQ�DQ�DV�UHFHLYHG�EDVLV�IRU�RWKHU�PDWULFHV�
6DPSOHV�ZHUH�DQDO\VHG�DV�UHFHLYHG�IURP�WKH�FOLHQW��5HVXOWV�UHODWH�VSHFLILFDOO\�WR�WKH�VDPSOHV�DV�UHFHLYHG�
3OHDVH�UHIHU�WR�WKH�IROORZLQJ�SDJHV�IRU�UHVXOWV��PHWKRGRORJ\�VXPPDU\�DQG�TXDOLW\�FRQWURO�GDWD�
$QDO\VLV�'HWDLOV

7HVWV�QRW�FRYHUHG�E\�1$7$�DUH�GHQRWHG�ZLWK�$FFUHGLWHG�IRU�FRPSOLDQFH�ZLWK�,62�,(&���������7HVWLQJ�
1$7$�$FFUHGLWDWLRQ�1XPEHU�������7KLV�GRFXPHQW�VKDOO�QRW�EH�UHSURGXFHG�H[FHSW�LQ�IXOO�

����������'DWH�RI�,VVXH
����������'DWH�UHVXOWV�UHTXHVWHG�E\

5HSRUW�'HWDLOV

3DPHOD�$GDPV��/DERUDWRU\�0DQDJHU

$XWKRULVHG�%\
&KULV�'H�/XFD��2SHUDWLRQV�0DQDJHU
5HVXOWV�$SSURYHG�%\

5HYLVLRQ�1R� 5��
�����(QYLURODE�5HIHUHQFH� 3DJH�_ ��RI��



&OLHQW�5HIHUHQFH��7KH�%RDWKRXVH�*RY��3KLOOLS�3N��3DOP�%HDFK�16:

�PJ�NJ=LQF

�PJ�NJ1LFNHO

����PJ�NJ0HUFXU\

�PJ�NJ/HDG

�PJ�NJ&RSSHU

�PJ�NJ&KURPLXP

����PJ�NJ&DGPLXP

��PJ�NJ$UVHQLF

�����������'DWH�DQDO\VHG

�����������'DWH�GLJHVWHG

6RLO7\SH�RI�VDPSOH

����������'DWH�6DPSOHG

������%+��'83�
,QWHU

81,76<RXU�5HIHUHQFH

�������2XU�5HIHUHQFH
$FLG�([WUDFWDEOH�PHWDOV�LQ�VRLO

(QYLURODE�5HIHUHQFH� �����
5��5HYLVLRQ�1R�

3DJH�_ ��RI��



&OLHQW�5HIHUHQFH��7KH�%RDWKRXVH�*RY��3KLOOLS�3N��3DOP�%HDFK�16:

����0RLVWXUH

����������'DWH�DQDO\VHG

����������'DWH�SUHSDUHG

6RLO7\SH�RI�VDPSOH

����������'DWH�6DPSOHG

������%+��'83�
,QWHU

81,76<RXU�5HIHUHQFH

�������2XU�5HIHUHQFH
0RLVWXUH

(QYLURODE�5HIHUHQFH� �����
5��5HYLVLRQ�1R�

3DJH�_ ��RI��



&OLHQW�5HIHUHQFH��7KH�%RDWKRXVH�*RY��3KLOOLS�3N��3DOP�%HDFK�16:

'HWHUPLQDWLRQ�RI�0HUFXU\�E\�&ROG�9DSRXU�$$6��0HWDOV�����&9�$$6

'HWHUPLQDWLRQ�RI�YDULRXV�PHWDOV�E\�,&3�$(6��0HWDOV�����,&3�$(6

0RLVWXUH�FRQWHQW�GHWHUPLQHG�E\�KHDWLQJ�DW�����GHJ�&�IRU�D�PLQLPXP�RI����KRXUV�
�

,QRUJ����
0HWKRGRORJ\�6XPPDU\0HWKRG�,'

(QYLURODE�5HIHUHQFH� �����
5��5HYLVLRQ�1R�

3DJH�_ ��RI��



&OLHQW�5HIHUHQFH��7KH�%RDWKRXVH�*RY��3KLOOLS�3N��3DOP�%HDFK�16:

����>17@>17@>17@>17@��0HWDOV�����,&3�
$(6

�PJ�NJ=LQF

����>17@>17@>17@>17@��0HWDOV�����,&3�
$(6

�PJ�NJ1LFNHO

������>17@>17@>17@>17@����0HWDOV�����&9�$$6���PJ�NJ0HUFXU\

����>17@>17@>17@>17@��0HWDOV�����,&3�
$(6

�PJ�NJ/HDG

������>17@>17@>17@>17@��0HWDOV�����,&3�
$(6

�PJ�NJ&RSSHU

����>17@>17@>17@>17@��0HWDOV�����,&3�
$(6

�PJ�NJ&KURPLXP

����>17@>17@>17@>17@����0HWDOV�����,&3�
$(6

���PJ�NJ&DGPLXP

�����>17@>17@>17@>17@��0HWDOV�����,&3�
$(6

�PJ�NJ$UVHQLF

��������������������>17@>17@>17@>17@�����������'DWH�DQDO\VHG

��������������������>17@>17@>17@>17@�����������'DWH�GLJHVWHG

�������/&6��53''XS�%DVH�%ODQN0HWKRG34/8QLWV7HVW�'HVFULSWLRQ
6SLNH�5HFRYHU\��'XSOLFDWH48$/,7<�&21752/��$FLG�([WUDFWDEOH�PHWDOV�LQ�VRLO

(QYLURODE�5HIHUHQFH� �����
5��5HYLVLRQ�1R�

3DJH�_ ��RI��



&OLHQW�5HIHUHQFH��7KH�%RDWKRXVH�*RY��3KLOOLS�3N��3DOP�%HDFK�16:

1RW�5HSRUWHG15
1DWLRQDO�(QYLURQPHQWDO�3URWHFWLRQ�0HDVXUH1(30
1RW�VSHFLILHG16
/DERUDWRU\�&RQWURO�6DPSOH/&6
5HODWLYH�3HUFHQW�'LIIHUHQFH53'
*UHDWHU�WKDQ!
/HVV�WKDQ�
3UDFWLFDO�4XDQWLWDWLRQ�/LPLW34/
,QVXIILFLHQW�VDPSOH�IRU�WKLV�WHVW,16
7HVW�QRW�UHTXLUHG1$
1RW�WHVWHG17

5HVXOW�'HILQLWLRQV

(QYLURODE�5HIHUHQFH� �����
5��5HYLVLRQ�1R�

3DJH�_ ��RI��



&OLHQW�5HIHUHQFH��7KH�%RDWKRXVH�*RY��3KLOOLS�3N��3DOP�%HDFK�16:

*XLGHOLQH�OLPLWV�IRU�5LQVH�:DWHU�4XDOLW\�UHSRUWHG�DV�SHU�DQDO\WLFDO�UHTXLUHPHQWV�DQG�VSHFLILFDWLRQV�RI�$6�������$PGW���������7DEOH
���

7KH�UHFRPPHQGHG�PD[LPXPV�IRU�DQDO\WHV�LQ�XULQH�DUH�WDNHQ�IURP�³�����7/9V�DQG�%(,V´��DV�SXEOLVKHG�E\�$&*,+��ZKHUH�DYDLODEOH��
/LPLW�SURYLGHG�IRU�1LFNHO�LV�D�SUHFDXWLRQDU\�JXLGHOLQH�DV�SHU�3RVLWLRQ�3DSHU�SUHSDUHG�E\�$,2+�([SRVXUH�6WDQGDUGV�&RPPLWWHH�
�����

$XVWUDOLDQ�'ULQNLQJ�:DWHU�*XLGHOLQHV�UHFRPPHQG�WKDW�7KHUPRWROHUDQW�&ROLIRUP��)DHFDO�(QWHURFRFFL��	�(�&ROL�OHYHOV�DUH�OHVV�WKDQ
�FIX����P/��7KH�UHFRPPHQGHG�PD[LPXPV�DUH�WDNHQ�IURP��$XVWUDOLDQ�'ULQNLQJ�:DWHU�*XLGHOLQHV���SXEOLVKHG�E\�1+05&�	�$50&
�����

6XUURJDWHV�DUH�NQRZQ�DGGLWLRQV�WR�HDFK�VDPSOH��EODQN��PDWUL[�VSLNH�DQG�/&6�LQ�D�EDWFK��RI�FRPSRXQGV�ZKLFK
DUH�VLPLODU�WR�WKH�DQDO\WH�RI�LQWHUHVW��KRZHYHU�DUH�QRW�H[SHFWHG�WR�EH�IRXQG�LQ�UHDO�VDPSOHV�6XUURJDWH�6SLNH

7KLV�FRPSULVHV�HLWKHU�D�VWDQGDUG�UHIHUHQFH�PDWHULDO�RU�D�FRQWURO�PDWUL[��VXFK�DV�D�EODQN�VDQG�RU�ZDWHU��IRUWLILHG
ZLWK�DQDO\WHV�UHSUHVHQWDWLYH�RI�WKH�DQDO\WH�FODVV��,W�LV�VLPSO\�D�FKHFN�VDPSOH�

/&6��/DERUDWRU\
&RQWURO�6DPSOH�

$�SRUWLRQ�RI�WKH�VDPSOH�LV�VSLNHG�ZLWK�D�NQRZQ�FRQFHQWUDWLRQ�RI�WDUJHW�DQDO\WH��7KH�SXUSRVH�RI�WKH�PDWUL[�VSLNH
LV�WR�PRQLWRU�WKH�SHUIRUPDQFH�RI�WKH�DQDO\WLFDO�PHWKRG�XVHG�DQG�WR�GHWHUPLQH�ZKHWKHU�PDWUL[�LQWHUIHUHQFHV
H[LVW�

0DWUL[�6SLNH

7KLV�LV�WKH�FRPSOHWH�GXSOLFDWH�DQDO\VLV�RI�D�VDPSOH�IURP�WKH�SURFHVV�EDWFK��,I�SRVVLEOH��WKH�VDPSOH�VHOHFWHG
VKRXOG�EH�RQH�ZKHUH�WKH�DQDO\WH�FRQFHQWUDWLRQ�LV�HDVLO\�PHDVXUDEOH�'XSOLFDWH

7KLV�LV�WKH�FRPSRQHQW�RI�WKH�DQDO\WLFDO�VLJQDO�ZKLFK�LV�QRW�GHULYHG�IURP�WKH�VDPSOH�EXW�IURP�UHDJHQWV�
JODVVZDUH�HWF��FDQ�EH�GHWHUPLQHG�E\�SURFHVVLQJ�VROYHQWV�DQG�UHDJHQWV�LQ�H[DFWO\�WKH�VDPH�PDQQHU�DV�IRU
VDPSOHV�

%ODQN

4XDOLW\�&RQWURO�'HILQLWLRQV

6DPSOHV�IRU�0LFURELRORJLFDO�DQDO\VLV��QRW�$PRHED�IRUPV��UHFHLYHG�RXWVLGH�RI�WKH�����&�WHPSHUDWXUH�UDQJH�GR�QRW�PHHW�WKH�LGHDO
FRROLQJ�FRQGLWLRQV�DV�VWDWHG�LQ�$6����������

$QDO\VLV�RI�DTXHRXV�VDPSOHV�W\SLFDOO\�LQYROYHV�WKH�H[WUDFWLRQ�GLJHVWLRQ�DQG�RU�DQDO\VLV�RI�WKH�OLTXLG�SKDVH�RQO\��L�H��127�DQ\�VHWWOHG
VHGLPHQW�SKDVH�EXW�LQFOXVLYH�RI�VXVSHQGHG�SDUWLFOHV�LI�SUHVHQW���XQOHVV�VWLSXODWHG�RQ�WKH�(QYLURODE�&2&�DQG�RU�E\�FRUUHVSRQGHQFH�
1RWDEOH�H[FHSWLRQV�LQFOXGH�FHUWDLQ�3K\VLFDO�7HVWV��S+�(&�%2'�&2'�$SSDUHQW�&RORXU�HWF����6ROLGV�WHVWLQJ��WRWDO�UHFRYHUDEOH�PHWDOV
DQG�3)$6�ZKHUH�VROLGV�DUH�LQFOXGHG�E\�GHIDXOW�

0HDVXUHPHQW�8QFHUWDLQW\�HVWLPDWHV�DUH�DYDLODEOH�IRU�PRVW�WHVWV�XSRQ�UHTXHVW�

:KHUH�VDPSOLQJ�GDWHV�DUH�QRW�SURYLGHG��(QYLURODE�DUH�QRW�LQ�D�SRVLWLRQ�WR�FRPPHQW�RQ�WKH�YDOLGLW\�RI�WKH�DQDO\VLV�ZKHUH
UHFRPPHQGHG�WHFKQLFDO�KROGLQJ�WLPHV�PD\�KDYH�EHHQ�EUHDFKHG�

:KHQ�VDPSOHV�DUH�UHFHLYHG�ZKHUH�FHUWDLQ�DQDO\WHV�DUH�RXWVLGH�RI�UHFRPPHQGHG�WHFKQLFDO�KROGLQJ�WLPHV��7+7V���WKH�DQDO\VLV�KDV
SURFHHGHG��:KHUH�DQDO\WHV�DUH�RQ�WKH�YHUJH�RI�EUHDFKLQJ�7+7V��HYHU\�HIIRUW�ZLOO�EH�PDGH�WR�DQDO\VH�ZLWKLQ�WKH�7+7�RU�DV�VRRQ�DV
SUDFWLFDEOH�

,Q�FLUFXPVWDQFHV�ZKHUH�QR�GXSOLFDWH�DQG�RU�VDPSOH�VSLNH�KDV�EHHQ�UHSRUWHG�DW���LQ����DQG�RU���LQ����VDPSOHV�UHVSHFWLYHO\��WKH
VDPSOH�YROXPH�VXEPLWWHG�ZDV�LQVXIILFLHQW�LQ�RUGHU�WR�VDWLVI\�ODERUDWRU\�4$�4&�SURWRFROV�

0DWUL[�6SLNHV��/&6�DQG�6XUURJDWH�UHFRYHULHV��*HQHUDOO\���������IRU�LQRUJDQLFV�PHWDOV��QRW�632&$6�����������IRU
RUJDQLFV�632&$6���������VXUURJDWHV��DQG���������IRU�ODELOH�692&V��LQFOXGLQJ�ODELOH�VXUURJDWHV���XOWUD�WUDFH�RUJDQLFV�DQG
VSHFLDWHG�SKHQROV�LV�DFFHSWDEOH�

'XSOLFDWHV��!��[34/���53'�DFFHSWDQFH�FULWHULD�ZLOO�YDU\�GHSHQGLQJ�RQ�WKH�DQDO\WHV�DQG�WKH�DQDO\WLFDO�WHFKQLTXHV�EXW�LV�W\SLFDOO\�LQ
WKH�UDQJH���������±�VHH�(/1�3���4$�4&�WDEOHV�IRU�GHWDLOV�����[34/���53'�DUH�KLJKHU�DV�WKH�UHVXOWV�DSSURDFK�34/�DQG�WKH
HVWLPDWHG�PHDVXUHPHQW�XQFHUWDLQW\�ZLOO�VWDWLVWLFDOO\�LQFUHDVH�

)RU�92&V�LQ�ZDWHU�VDPSOHV��WKUHH�YLDOV�DUH�UHTXLUHG�IRU�GXSOLFDWH�RU�VSLNH�DQDO\VLV�

6SLNHV�IRU�3K\VLFDO�DQG�$JJUHJDWH�7HVWV�DUH�QRW�DSSOLFDEOH�

)LOWHUV��VZDEV��ZLSHV��WXEHV�DQG�EDGJHV�ZLOO�QRW�KDYH�GXSOLFDWH�GDWD�DV�WKH�ZKROH�VDPSOH�LV�JHQHUDOO\�H[WUDFWHG�GXULQJ�VDPSOH
H[WUDFWLRQ�

'XSOLFDWH�VDPSOH�DQG�PDWUL[�VSLNH�UHFRYHULHV�PD\�QRW�EH�UHSRUWHG�RQ�VPDOOHU�MREV��KRZHYHU��ZHUH�DQDO\VHG�DW�D�IUHTXHQF\�WR�PHHW
RU�H[FHHG�1(30�UHTXLUHPHQWV��$OO�VDPSOHV�DUH�WHVWHG�LQ�EDWFKHV�RI�����7KH�GXSOLFDWH�VDPSOH�53'�DQG�PDWUL[�VSLNH�UHFRYHULHV�IRU
WKH�EDWFK�ZHUH�ZLWKLQ�WKH�ODERUDWRU\�DFFHSWDQFH�FULWHULD�

/DERUDWRU\�$FFHSWDQFH�&ULWHULD
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