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 Cross Sectional View 

Shallow fill 

Bore Hole Cross Sectional Model 

Primary & Secondary Contamination Sources are via historical imported fill materials with limited expectation of soil leaching 

transportation mechanisms impacting the site at this preliminary stage of the targeted investigation.  Surface transportation of 

secondary contamination source has been considered with the limited likelihood of occurrence and no transient or colonist 

contaminants from groundwater movements would be expected to be encountered.    

Natural Clay 

Shale Class IV 

No ground water encountered for transient or colonist contaminants 

Potential contamination presence within the shallow layer of fill material 

Soil leaching limited impact expectation.  No up-gradient contaminant 

source identified within the migrative path. 
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Bore Hole 
Identification 

Description Sample depth Comment 

165858/1 SB1 2m Single sample approximately 2m.  
Advanced to shale 

165858/2 SB2 & SB4  0.3m  &  1.8m Two(2) samples one within fill and 
one from natural clay 

165858/3 SB3 & SB5 0.6m  &  1.1m Two(2) samples one just after the 
fill material and one mid clay level 

165859/1 SB1 0.4m Single Sample mid filler material 

165859/2 SB2  &  SB4 0.8m  &  0.6m  Two(2) samples boundary of fill 
material and one shallow clay level 

165859/3 SB3  &  SB5 1.2m  &  0.2m Two(2) samples one lower clay 
level one surface 

 

 Boreholes 165858 /1,2&3 where advanced on a falling gradient inside the boundary of the premises along Victoria Street.  

 A gradient of depths where employed to cover the sampling conceptual model.  

 Boreholes 165859 /1,2&3 where advanced on a falling gradient inside the boundary of the premises along the rear of the property.   

A gradient of depths where employed to cover the sampling conceptual model.  
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Executive Summary 
 

FIMA was engaged by Peter Sleiman of VSD Investments Pty Limited to undertake a Targeted 

site soil assessment of the three(3) residential sites located at 28 & 28A-30 & 32-34 Victoria Street 

Burwood referred to as ‘the site’ in this report. The full environmental site assessment included 

both soil and water Investigation. The purpose of the Investigation was to quantify the site soil 

contaminants relative to the adopted Soil Assessment Criteria - Schedule B(1) Guideline on 

Investigation Levels for Soil and Groundwater Table 5.1  .  

The Investigation has been undertaken in accordance with the requirements of the Office of 

Environment and Heritage (OEH) Guidelines for Consultants Reporting on Contaminated Sites 

(2011). 

 

FIMA arrived onsite to assess the overall site conditions and take soil samples from the accessible 

representative areas.  FIMA completed a search on the NSW EPA website of contaminated sites, 

this site was not found on the list of contaminated sites. 

Observations from onsite assessment indicates the following: 

 The soil sampling location had single or dual bores advanced whereby on all locations 

drilling encountered top soil over shallow gravelly sand over firm orange clay.  Shale 

from 1.4m was encountered.  

No anomalous observations were made during the field work and no soil analyst reported levels 

exceeding the adopted assessment criteria. 

28 & 28A-30 & 32-34 Victoria Street Burwood NSW  
(Soil sample advancement locations) 
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ENVIROLAB Results “Certificate of Analysis 165858” 

Matrix Acceptance 165858/1 165858/2 165858/3 165858/4 165858/5 

Analyte Name Criteria Result Result Result Result Result 

Benzene 1 <0.2 <0.2 <0.2 <0.2 <0.2 

Toluene 130 <0.5 <0.5 <0.5 <0.5 <0.5 

Total Xylenes 25 <1.0 <1.0 <1.0 <1.0 <1.0 

TRH C6-C9 65 <25 <25 <25 <25 <25 

Total TRH +ve 

 C10-C40 

1000 <50 <50 <50 <50 <50 

Arsenic, As 100 (A1) 0.06 <0.05 <0.05 <0.05 <0.05 

Cadmium, Cd 20 (A1) <0.01 <0.01 <0.01 <0.01 <0.01 

Chromium, Cr 100 (A1) <0.01 <0.01 <0.01 <0.01 <0.01 

Copper 1000 (A1) <0.01 <0.01 <0.01 <0.01 <0.01 

Lead, Pb 300 (A1) <0.03 <0.03 <0.03 <0.03 <0.03 

Nickel, Ni 600 (A1) <0.02 <0.02 <0.02 <0.02 <0.02 

Zinc, Zn 7000 (A1) 0.1 <0.02 0.2 0.1 0.5 

Mercury 15 (A1) <0.005 <0.005 <0.005 <0.005 <0.005 

 
 

 
ENVIROLAB Results “Certificate of Analysis 165859” 

Matrix Acceptance 165859/1 165859/2 165859/3 165859/4 165859/5 

Analyte Name Criteria Result Result Result Result Result 

Benzene 1 <0.2 <0.2 <0.2 <0.2 <0.2 

Toluene 130 <0.5 <0.5 <0.5 <0.5 <0.5 

Total Xylenes 25 <1.0 <1.0 <1.0 <1.0 <1.0 

TRH C6-C9 65 <25 <25 <25 <25 <25 

Total TRH +ve 

 C10-C40 

1000 <50 <50 <50 120 <50 

Arsenic, As 100 (A1) <0.05 <0.05 <0.05 <0.05 <0.05 

Cadmium, Cd 20 (A1) <0.01 <0.01 <0.01 <0.01 <0.01 

Chromium, Cr 100 (A1) <0.01 <0.01 <0.01 <0.01 <0.01 

Copper 1000 (A1) <0.01 <0.01 <0.01 <0.01 <0.01 

Lead, Pb 300 (A1) <0.03 <0.03 <0.03 <0.03 <0.03 

Nickel, Ni 600 (A1) <0.02 <0.02 <0.02 <0.02 <0.02 

Zinc, Zn 7000 (A1) 0.03 0.1 0.1 0.1 <0.02 

Mercury 15 (A1) <0.005 <0.005 <0.005 <0.005 <0.005 
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1 INTRODUCTION 

This report presents the results of a targeted soil investigation commissioned by Mr Peter 

Sleiman on behalf of VSD Investments Pty Limited and undertaken for a proposed mixed-

use development at 28 & 28A-30 & 32-34 Victoria Street Burwood NSW.  The site has a 

gentle fall towards Victoria Street, with site surface levels ranging from between 

approximately RL19 m to RL17 m relative to Australian Height Datum (AHD). 

 

It is understood that the proposed development involves the construction a multi-story 

building with multi-basement levels.  The investigation included the advancement of six     

(6) augured boreholes.  Details of the field work undertaken are given in the report and 

bore logs are provided within the report appendices.   

 

Historically an environmental in-situ waste classification assessment was conducted in 

conjunction with the geotechnical investigations both of which have been reported 

separately and not addressed within this report. 

  

1.1 Project Objectives 

The objectives of the assessment were as follows: 

Assess the extent of potential contaminant impacts (if any) at the site related to 

adopted Soil Assessment Criteria - Schedule B(1) Guideline on Investigation Levels 

for Soil and Groundwater Table 5.1.  The Investigation was undertaken in accordance 

with the requirements of the Office of Environment and Heritage (OEH) Guidelines for 

Consultants Reporting on Contaminated Sites (2011). 

 

1.2 Scope of Work 

To achieve the objectives outlined in Section 1.1 FIMA conducted the following work: 

 Application for Dial Before You Dig Plans. 

 Completed Work Clearance Form. 

 Conducted a site inspection to establish current site conditions, surrounding land 

uses and potential human and environmental receptors located near the site. 

 Advanced soil assessment holes at six(6) locations across the site. All borehole 

locations were choses subject to providing a grid based assessment of the site.    

 Collected samples of material from within each soil assessment location.  A 

single or dual samples where extracted from the drill locations 

 Analysed 10 primary soil samples in a laboratory for total recoverable 

hydrocarbons (TRH), benzene, toluene, ethylbenzene and xylenes (BTEX) and 

Metals 8; 

 Assessed the reported concentrations of potential contaminants of concern in 

each soil and water sample against appropriate human health and environmental 

protection guidelines, and 

 Prepared this factual report outlining the findings of the assessment. 
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2   LIMITATIONS OF THIS REPORT 

The findings of this report are based on the Scope of Work outlined in Section 1.2. FIMA 

performed the services in a manner consistent with the normal level of care and expertise 

exercised by members of the environmental consulting profession.  No warranties, 

express or implied are made. 

The results of this assessment are based upon the information documented and 

presented in this report. All conclusions and recommendations regarding the site are 

the professional opinions of FIMA personnel involved with the project.  While normal 

assessments of data reliability have been made, FIMA assumes no responsibility or 

liability for errors in any data obtained from regulatory agencies, statements from 

sources outside of FIMA, or developments resulting from situations outside the scope 

of this project. 

 

Subject to the Scope of the Work, FIMA assessment is strictly limited to assessing soil 

and groundwater at the site.  Soil and groundwater samples were analysed for 

common contaminants and/or indicators of contamination only.  The absence of 

targeted contaminants of concern in soil and groundwater samples cannot be 

interpreted as a guarantee that such materials, or other potentially toxic or hazardous 

compounds, do not exist at the site. 

The results of this assessment are based on the site conditions identified at the time 

of the site inspection and validation sampling.  FIMA will not be liable to revise the 

report to account for any changes in site characteristics, regulatory requirements, 

assessment criteria or the availability of additional information, subsequent to the issue 

date of this report. 

FIMA is not engaged in environmental consulting and reporting for the purpose of 

advertising sales promoting, or endorsement of any client interests, including raising 

investment capital, recommending investment decisions, or other publicity purposes. 
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3  SITE DESCRIPTION 

3.1 Table 1: Summary of Site Details    

Description 

Street Address: 28 & 28A-30 & 32-34 Victoria Street 
Burwood NSW 

Local Government Area: Burwood 

 

3.2 Site Layout and Features

 

The site is located in a predominantly suburban area of Burwood NSW. 
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3.3 Adjoining Land Uses 

 

At the time of the assessment land uses adjacent to the site were as follows: 

 North – Shopping Centre 

 East – office / residential buildings 

 West – Residential 

 South – Residential 

 

3.4 Site Topography 

The site is on a low falling gradient towards George street, westerly direction 

Surface water drainage from the site would flow off-site down gradient following council 

storm water management system. 

This information was based on both visual information and topographic assessment.  

The site has an approximate fall of 2m from an above datum RL19 to approximately 

above datum RL17 

3.5 Soils and Hydrology 

Soil and hydrology information was obtained from Douglas Partners report Project 

84835.00 June 2015.  

Acid Sulphate Soils-The boreholes indicate that the site is underlain by shallow residual 

soils which are not associated with Acid Sulphate Soils (ASS) and therefore ASS are not 

expected on this site.  This observation concurs with the Douglas reporting Project 

84835.00 June 2015. 

3.6 Sensitive Receptors 

The site receptor assessment provides no immediate sensitive receptors and no 
immediate surface water bodies impact this assessment. 
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4 SITE ASSESSMENT 

 

4.1 Overview 

An environmental technician experienced in the handling of potentially contaminated soil 

and ground water undertook the fieldwork.  The scope of the work included: A site 

inspection, collection of water samples from onsite monitoring wells, location of services, 

collection of soil samples, reinstatement of all excavations. 

 

A “Sources-Pathways-Receptors” assessment provided the following conceptual input variables 
which in turn assist in the determination of soil sampling localities and depth of drill advancements. 
 
The abbreviated “Sources-Pathways-Receptors” model adopted for this limited investigation 
shows the decision variables in the assessment and conceptual model development. 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Primary Source Assessment 

Soil Contamination             

(TBD) 

Operational Spills & Leaks 

(N/A) 

Up Gradient Ingress            

(N/A) 

TBD – To Be Determined 

N/A – Not Applicable subject to land usages 

Transport Mechanisms 

Leaching and subsurface 

transportation 

 

No erosion or atmospheric dispersion 

considered subject to fully sealed 

concrete surfaces. 

No surface run off or storm water 

transport was considered as tactile 

assessment provided no evidence surface 

staining or contamination event. 

 

Secondary Source Assessment 

Surface Soils                    (N/A) 

Subsurface soils >1m     (TBD) 

Surface soil sediment & water                   

(N/A) 

TBD – To Be Determined 

N/A – Not Applicable subject to land usages and 

tactile inspections of the target site. 

 

Exposure Pathways 

Soil         (Possible) 

Air          (N/A) 

Water     (TBD) 

Surface   (Possible) 

TBD – To Be Determined 

N/A – Not Applicable subject to land usages 

Consideration to water exposure pathways 

would be undertaken subject to the subsurface 

identification of contamination. 
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Subject to the above site assessment of potential contaminants, soil drilling locations and depths 
where determined as per attachment 1, Site soil locality map.   
 
Drilling to identify primary soil contaminations forms the principle purpose of this limited 
investigation.  The specific sub surface secondary contamination bands, 0.5m to 2m, are those 
of principle consideration given the site surface is exposed vegitation formation and the pathways 
are predominantly leaching and plume diffusion if contamination exists.   
 
The front and rear yard areas of the non-commercial properties presented the potential for surface 
contamination given the area was paved however the land use provides no indication of any direct 
contamination sources.  
 
 

 

4.2  Soil Sampling Locations and Assessment 

Soil assessment holes were advanced at 6 locations across the site.  The sampling 

locations were selected based on the location availability and provided a nodal point 

location for the grid based analysis.  Locality ensured probability of picking up potential 

contamination was high. 

FIMA collected soil samples from each soil assessment hole. Soil samples were 

collected at various depths within each hole. The depth at which each soil/fill material 

sample was collected from are shown in the borelogs presented in Attachment C.  A 

total of 12 soil samples were collected at the site with 10 being submitted to a NATA 

accredited laboratory (ENVIROLAB). 

 

Receptors 

Subject to limited primary source contamination 

potential and a limited secondary source of 

contamination, combined with limited 

transportation mechanisms and exposure 

pathways only relevant if site contamination 

exists a receptor synopsis was not initially 

undertaken and would only be of necessary 

consideration if subsurface contamination 

existed.  
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4.2.1 Drilling Methods and Soil Sampling Methodology 

Augur drilling rig equipped with 125mm diameter solid flight augers was used to advance 

6 soil assessment holes at the site.  The soil assessment holes were advanced to a 

minimum depth of 2.0m below ground level, no water bearing zone was encountered. 

4.2.2 Sample Analysis 

The samples were sent to ENVIROLAB in accordance with QA/QC Guidelines.  

See section 5.3.2 for further details. 
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Soil Fieldwork Notes 

The fill material and natural soils encountered in each soil assessment hole are 

described in the borelogs presented in Attachment C. 

Bore hole 1 – was advanced at the rear of the up-gradient building of the assessment 

area.  This location provided a single soil sample with no site anomalous observations 

noted.  

Bore hole 2 – was advanced at the rear of the middle building of the assessment area.  

This location provided two (2) soil samples with no site anomalous observations noted.  

Bore hole 3 –was advanced at the rear of the down-gradient building of the assessment 

area.  This location provided two (2) soil samples with no site anomalous observations 

noted.  

 Bore hole 4 – was advanced at the front of the up-gradient building of the assessment 

area.  This location provided a single soil sample with no site anomalous observations 

noted.  

Bore hole 5 – was advanced at the front of the middle building of the assessment area.  

This location provided two (2) soil samples with no site anomalous observations noted.  

Bore hole 6 –was advanced at the front of the down-gradient building of the assessment 

area.  This location provided two (2) soil samples with no site anomalous observations 

noted.  

Bore locations 1, 2 & 3 where sampled and reported separately to bore locations 4, 5 & 6.  A 

blank was obtained from both front and rear sampling events. 
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5 QUALITY ASSURANCE/QUALITY CONTROL QA/QC 

5.1 Data Quality Objectives 

The Data Quality Objectives (DQOs) define the quality and quantity of data needed to 
support decisions relating to the environmental condition of a site. It outlines the 
defining criteria that a data collection design should satisfy, including when, where, how 
and how many samples to be collected. The DQO process is a seven (7) step planning 
approach to outline the project goals, decisions, constraints and an assessment of the 
project un certainties and how to address these when they arise. 
 
The DQOs for the sampling and analysis investigations were to: 
 
State the Problem. 
 
Determine if ground contamination exists across the site and if so, why and what new 
environmental data, and what resources are available to resolve the problem within the 
allocated deadlines of the Project.  
 
Identify the Decision. 
 
Determine the decisions that need to be made on the contamination and the new 
environmental data required to make them if contamination exists. This includes 
considering relevant site criteria for each medium (fill, soil and sediment), considering 
whether a proposed use of the 95% UCL on the mean concentrations or results for all 
chemicals of potential concern were less than the site criteria.   
 
Identify Inputs to Decision. 
 
Identification of the information needed to allow informed, defensible decisions and 
specify which inputs require new environmental measurements.  
 
Define the Study Boundaries. 
 
Specify the spatial and temporal aspects of the environmental media that the data must 
represent to support decisions. To identify the boundaries (both spatial and temporal) of 
the investigation and to identify any restrictions that may hinder the assessment 
process.   
 
Develop a Decision Rule. 
 
To define the parameter(s) of interest, specify the action level and provide a logical 
basis for choosing from alternative actions.  This may include defining acceptable limits 
for chemicals of concern detected in field blanks, volatile-spiked trip samples, laboratory 
method blanks to ensure the action levels exceed the measurement detection limits.  
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Specify Limits on Decision Errors. 
 
Specify the decision-maker’s acceptable limits on decision errors, which are used to 
establish performance goals for limiting uncertainties in the data. Incorrect decisions are 
caused by using data that is not representative of site conditions because of sampling 
or analytical error, leading to a conclusion that is inappropriate for the site in question.  
 
 
Optimise the Design for Obtaining Data. 
 
Identify a resource-effective sampling and analysis design for general data that are 
expected to satisfy the DQOs.  
 

5.2 DATA QUALITY INDICATORS 

DATA QUALITY 
OBJECTIVE 

REQUIREMENT DATA QUALITY 
INDICATOR 

PRECISION   

Intra-laboratory Duplicates 1 per 20 samples RPDs <50% 

Inter laboratory Duplicates 1 per 20 samples RPDs <50% 

Laboratory Duplicates Minimum of 1 per batch per 
analyte 

RPDs <50% 

ACCURACY   

Laboratory Matrix Spikes 1 per batch per volatile/semi-
volatile analyte 

Recoveries 50% to 150% 

Laboratory Surrogate Spikes 1 per volatile/semi-volatile 
analyte samples (as 
appropriate) 

Recoveries 70%-130% 
 
 

Laboratory Method Blanks At least 1 per batch per 
analyte tested for 

Results <Limit of Reporting 

Laboratory Control Samples At least 1 per batch per 
analyte tested for 

Result <Limit of Reporting 
 

Trip Blanks 1 per lab batch for volatile 
analytes 

Result <Limit of Reporting 

Trip Spikes 1 per lab batch for volatile 
analytes 

Recoveries 60-100% 

Representatives   

Sampling methodology Appropriate for the sample 
type of analytes 

Meet Requirement 

Samples extracted and 
analysed within holding times 

Specific to each analyte Meet Requirement 

Comparability   

Sampling approach Consistent for each sample Meet Requirement 

Analysis methodology Consistent methodology for 
each sample 

Meet Requirement 

Handling conditions and 
sampler 

Consistent for each sample Meet Requirement 

Field observations and 
analytical 

Field observations to support 
analytical results 

Meet Requirement 



 

Report Number: DD 44356 Date: 28/05/2017  

16 

Consistent laboratory Limit of 
Reporting (LOR) 

Consistent between primary 
and secondary laboratories 

Meet Requirement 

Completeness   

Chain of Custody 
Documentation 

Appropriately completed Meet Requirement 

Field Sampling 
Documentation 

Appropriately completed Meet Requirement 

Satisfactory quality 
assurance/quality control 
procedures 

In accordance with relevant 
guidance 

Meet Requirement 

 

5.3 QA/QC Sampling and Analysis Methodology 

5.3.1 Soil Sampling Methods 

FIMA returned to site to undertake soil assessment at the site. The sampler wore a clean 

pair of disposable nitrile gloves at each sampling location to minimize potential cross 

contamination of samples. Soil samples were collected using a split spoon sampler.  Samples 

were collected in a 250ml laboratory supplied glass jar and plastic zip lock bags marked with 

appropriate sample identification. 

Care was taken to minimize volatile and semi-volatile organic compound losses during 

sampling by minimizing the head space in each sample jar. The bagged sample was screened 

for the presence of volatile organic compounds (VOC’s) using a photo-ionisation detector (PID).  

The jarred samples were placed on ice in an esky immediately after sampling to 

minimize potential losses of volatile and semi-volatile compounds during transport. 

The soil profile of each borehole was logged in the field to include soil type, colour, 

moisture conditions, grain size, inclusions, staining, odour and the results of PID screening. 

A Chain of Custody (COC) form was completed for the samples.  The samples and the 

COC were sent to ENVIROLAB (Sydney). 

Samples from each soil assessment hole were analysed for TRH, BTEX and Metals 8. 

Soil samples were selected for analysis on the basis of field observations. No field screening 

with a PID was undertaken. 

A total of 10 primary soil samples were selected for laboratory analysis.  Laboratory 

analysis was undertaken by Envirolab (Sydney) using NATA accredited analytical methods.  

Please see Attachment C for Laboratory Methods used. 
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     5.4 Environmental Quality Criteria 

For the purpose of assessing the results of analytical testing of soils at the Site, the following 

guidelines were considered: 

 NSW DEC (2006) Guidelines for the NSW Auditor Scheme (Second Edition); 

 NSW EPA Contaminated Sites – Guidelines for Assessing Service Station Sites 

1994. 

 CRC Care (2011) Health Screening Levels for Petroleum Hydrocarbons in Soil 

and Groundwater, and 

 NEPC (1999) National Environmental Protection (Assessment of Site 

Contamination) Measure (NEPM) and the subsequent amendment (Amended 

NEPM, 2013) officially approved by the Standing Council of Environment and 

Water (SCEW) on 11 April 2013. 

In accordance with the decision-making process for assessing urban redevelopment 

sites (Appendix 1, EPA, 2006), soil concentrations were compared against the 

following soil investigation levels (SILs); 

 Health-based criteria for the current and proposed land use: Amended NEPM 

(2013) Health-based Investigation levels (HILa) for Commercial/Industrial land 

use, the Health Screening Levels (HSLs) and the CRC Care (2011) Soil Health 

Screening Levels for Direct Contact (HSLs). 

 Environmental Criteria: Amended NEPM (2013) Ecological Screening Levels 

(ESLs) and Ecological Investigation Levels (EILs) for Commercial/Industrial Land 

Use. 

The National Environment Protection Council (NEPC) has amended the National 

Environment Protection (Assessment of Site Contamination) Measure 1999 on the 

11th April 2013. It is understood that the amendment (ASC NEPM, 2013) took effect 

in each jurisdiction on 16th May 2013, the day after it was registered on the Federal 

Register of Legislative Instruments (FRLI). 

FIMA has adopted the most recent Amended NEPM (2013) Tier 1 Guidelines over the criteria 

listed in NSW DEC (2006) as it is the most recent guidance available that has been approved by 

the NSW EPA under Section 105 of the Contaminated Land Management Act, 1997. 
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6 ANALYTICAL RESULTS SUMMARY 

Soil analytical results are summarized and compared to the relevant assessment criteria in 

Attachment A 

The laboratory certificate of anlysis for the soil samples collected at the site is presented as 

Attachment B 

The reported concentration of Benzene was less than the laboratory LOR (limit of reporting 

–detection limit) to which was less than the adopted assessment criteria. 

Toluene - The reported concentration of Toluene was less than the laboratory LOR (limit of 

reporting –detection limit) to which was less than the adopted assessment criteria. 

Ethylbenzene - The reported concentration of Ethylbenzene was less than the laboratory 

LOR (limit of reporting –detection limit) to which was less than the adopted assessment 

criteria. 

Xylene (total) - The reported concentration of Xylene (total) was less than the laboratory 

LOR (limit of reporting –detection limit) to which was less than the adopted assessment 

criteria. 

TPH (C6-C10) Less BTEX (F1) - The reported concentration of TPH (C6-C10) Less BTEX 

(F1) was less than the laboratory LOR (limit of reporting –detection limit) to which was less 

than the adopted assessment criteria. 

TPH (>C10-C16) Less Naphthalene (F2) - The reported concentration of TPH (>C10-C16) 

Less Naphthalene (F2) was less than the laboratory LOR (limit of reporting –detection limit) 

to which was less than the adopted assessment criteria. 

TPH (>C16-C34) - The reported concentration of TPH (>C16-C34) was less than the 

laboratory LOR (limit of reporting –detection limit) to which was less than the adopted 

assessment criteria. 

TPH (>C34-C40) - The reported concentration of TPH (>C34-C40) was less than the 

laboratory LOR (limit of reporting –detection limit) to which was less than the adopted 

assessment criteria. 

Naphthalene - The reported concentration of Naphthalene was less than the laboratory 

LOR (limit of reporting –detection limit) to which was less than the adopted assessment 

criteria. 

Total PAHs - The reported concentration of Total PAHs was less than the laboratory LOR 

(limit of reporting –detection limit) to which was less than the adopted assessment criteria. 

Field observations and analytical results indicate that there was no hydrocarbon impact in soil at 

the site from sample locations above the adopted assessment guidelines. 
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7 PRELIMINARY CONCEPTUAL SITE MODEL 

7.1 Principal Contaminants of Concern (PCC) 

 

For the purposes of this study the Principal Contaminants of Concern (PCC) were 

considered to be: 

 Potential impact of historical fill material.  Full gamut of analytes for the adopted 

assessment criteria both none volatile and volatile. 

 Monocyclic aromatic hydrocarbons (benzene, toluene, ethyl benzene and 

xylenes – BTEX) associated with the potential of hydrocarbon fill content 

 Light, mid and heavy-fraction petroleum hydrocarbons (TPH C6-C36) associated 

with the fuel and oil products. 

See attached Conceptual Model Schematic Attachment 

 

Table: Contamination Fate and Transport – The fate of the PCC identified above is 

summarized in the following table: 

 

PCC FATE & TRANSPORT 

Non-volatile contaminants including lead and 
heavy fraction hydrocarbons. 
 
 
 
 
 
 
Volatile contaminants including light-fraction 
TPH and BTEX. 

Non-volatile contaminants are expected to be 
bound within the fill matrix and are hence 
less mobile.  The mobility of these 
contaminants would depend on a range of 
factors including age of the fill, soil porosity, 
solubility in water and surface water 
infiltration. 
 
Volatile contaminants are usually more 
mobile when compared to the non-volatile 
compounds.  The potential for migration of 
volatile contaminants such as light-fraction 
TPH is relatively high in sandy soil with a 
high water table.  These contaminants break 
down rapidly as a result of microbial activity 
and availability of nutrients including 
nitrogen, oxygen etc.  The mobile 
contaminants would be expected to move 
down to the rock surface or groundwater 
table and migrate down gradient from the 
source.  The mobility would depend on a 
range of factors like the porosity, confining 
layers within the aquifer, solubility in 
groundwater etc. 
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8 CONCLUSIONS  

  

Laboratory investigation provided evidence that contamination at this site was below the 
adopted assessment criteria limits.  No soil sample extracted from across the site was 
noted as failing against the criteria.  
 
It can be concluded from this targeted assessment that the site is not a contamination risk 
for soil exposure and is suitable for Residential use. 
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Attachment A 

Laboratory results  
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Attachment B 

Site sampling Plan 

Conceptual Model 

Site Locality Map  
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1R�DVEHVWRV�
GHWHFWHG�DW�

UHSRUWLQJ�OLPLW�RI�
���J�NJ

2UJDQLF�ILEUHV�
GHWHFWHG

7UDFH�$QDO\VLV� � 1R�DVEHVWRV�
GHWHFWHG

1R�DVEHVWRV�
GHWHFWHG

1R�DVEHVWRV�
GHWHFWHG

1R�DVEHVWRV�
GHWHFWHG

1R�DVEHVWRV�
GHWHFWHG
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2XU�5HIHUHQFH� 81,76 �������� �������� �������� �������� ��������

<RXU�5HIHUHQFH ������������
�

6%��� 6%����� 6%����� 6%����� 6%�����

'HSWK ������������ � ��� ��� ��� ���

'DWH�6DPSOHG
7\SH�RI�VDPSOH

����������
6RLO

����������
6RLO

����������
6RLO

����������
6RLO

����������
6RLO

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

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

S+�RI�VRLO�IRU�IOXLG��GHWHUP� S+�XQLWV ���� ���� ���� ���� ����

S+�RI�VRLO�7&/3��DIWHU�+&O�� S+�XQLWV ���� ���� ���� ���� ����

([WUDFWLRQ�IOXLG�XVHG� � �� �� �� �� ��

S+�RI�ILQDO�/HDFKDWH� S+�XQLWV ���� ���� ���� ���� ����

$UVHQLF�LQ�7&/3� PJ�/ ����� ������ ������ ������ ������

&DGPLXP�LQ�7&/3� PJ�/ ������ ������ ������ ������ ������

&KURPLXP�LQ�7&/3� PJ�/ ������ ������ ������ ������ ������

&RSSHU�LQ�7&/3� PJ�/ ������ ������ ������ ������ ������

/HDG�LQ�7&/3� PJ�/ ������ ������ ������ ������ ������

1LFNHO�LQ�7&/3� PJ�/ ������ ������ ������ ������ ������

=LQF�LQ�7&/3� PJ�/ ���� ������ ���� ���� ����

0HUFXU\�LQ�7&/3� PJ�/ �������� �������� �������� �������� ��������
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0HWKRG�,' 0HWKRGRORJ\�6XPPDU\

�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��
: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��

�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���� 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��!&���&����

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

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

�$6%���� $VEHVWRV�,'���4XDOLWDWLYH�LGHQWLILFDWLRQ�RI�DVEHVWRV�LQ�EXON�VDPSOHV�XVLQJ�3RODULVHG�/LJKW�0LFURVFRS\�DQG�
'LVSHUVLRQ�6WDLQLQJ�7HFKQLTXHV�LQFOXGLQJ�6\QWKHWLF�0LQHUDO�)LEUH�DQG�2UJDQLF�)LEUH�DV�SHU�$XVWUDOLDQ�6WDQGDUG�
����������

�,QRUJ���� 7R[LFLW\�&KDUDFWHULVWLF�/HDFKLQJ�3URFHGXUH��7&/3��XVLQJ�LQ�KRXVH�PHWKRG�,125*�����

�(;75$&7�� 7R[LFLW\�&KDUDFWHULVWLF�/HDFKLQJ�3URFHGXUH��7&/3��XVLQJ�=HUR�+HDGVSDFH�([WUDFWLRQ��]+(��XVLQJ�$6�����DQG�
86(3$������

�,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�

�0HWDOV�����,&3�
$(6

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

�0HWDOV�����&9�
$$6

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

3DJH���RI����(QYLURODE�5HIHUHQFH� ������
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48$/,7<�&21752/ 81,76 34/ 0(7+2' %ODQN 'XSOLFDWH�
6P�

'XSOLFDWH�UHVXOWV 6SLNH�6P� 6SLNH���
5HFRYHU\

Y75+�&��&����%7(;1�LQ�
6RLO�

%DVH�OO�'XSOLFDWH�OO��53'

'DWH�H[WUDFWHG� � �������
���

�������� �����������__����������� /&6�� ����������

'DWH�DQDO\VHG� � �������
���

�������� �����������__����������� /&6�� ����������

75+�&� ��&� PJ�NJ �� 2UJ���� ��� �������� ����__���� /&6�� ����

75+�&� ��&�� PJ�NJ �� 2UJ���� ��� �������� ����__���� /&6�� ����

%HQ]HQH� PJ�NJ ��� 2UJ���� ���� �������� �����__����� /&6�� ����

7ROXHQH� PJ�NJ ��� 2UJ���� ���� �������� �����__����� /&6�� ����

(WK\OEHQ]HQH� PJ�NJ � 2UJ���� �� �������� ���__��� /&6�� ����

P�S�[\OHQH� PJ�NJ � 2UJ���� �� �������� ���__��� /&6�� ����

R�;\OHQH� PJ�NJ � 2UJ���� �� �������� ���__��� /&6�� ����

QDSKWKDOHQH� PJ�NJ � 2UJ���� �� �������� ���__��� >15@ >15@

6XUURJDWH DDD�
7ULIOXRURWROXHQH

� 2UJ���� ��� �������� ���__����__�53'���� /&6�� ����

48$/,7<�&21752/ 81,76 34/ 0(7+2' %ODQN 'XSOLFDWH�
6P�

'XSOLFDWH�UHVXOWV 6SLNH�6P� 6SLNH���
5HFRYHU\

VY75+��&���&����LQ�6RLO� %DVH�OO�'XSOLFDWH�OO��53'

'DWH�H[WUDFWHG� � �������
���

�������� �����������__����������� /&6�� ����������

'DWH�DQDO\VHG� � �������
���

�������� �����������__����������� /&6�� ����������

75+�&�� ��&�� PJ�NJ �� 2UJ���� ��� �������� ����__���� /&6�� ���

75+�&�� ��&�� PJ�NJ ��� 2UJ���� ���� �������� �����__����� /&6�� ���

75+�&�� ��&�� PJ�NJ ��� 2UJ���� ���� �������� �����__����� /&6�� ���

75+�!&���&�� PJ�NJ �� 2UJ���� ��� �������� ����__���� /&6�� ���

75+�!&���&�� PJ�NJ ��� 2UJ���� ���� �������� �����__����� /&6�� ���

75+�!&���&�� PJ�NJ ��� 2UJ���� ���� �������� �����__����� /&6�� ���

6XUURJDWH R�7HUSKHQ\O� � 2UJ���� �� �������� ���__����__�53'���� /&6�� ���

48$/,7<�&21752/ 81,76 34/ 0(7+2' %ODQN 'XSOLFDWH�
6P�

'XSOLFDWH�UHVXOWV 6SLNH�6P� 6SLNH���
5HFRYHU\

$FLG�([WUDFWDEOH�PHWDOV�
LQ�VRLO

%DVH�OO�'XSOLFDWH�OO��53'

'DWH�SUHSDUHG� � �������
���

�������� �����������__����������� /&6�� ����������

'DWH�DQDO\VHG� � �������
���

�������� �����������__����������� /&6�� ����������

/HDG� PJ�NJ � 0HWDOV���� �� �������� ���__����__�53'����� /&6�� ����

48$/,7<�&21752/ 81,76 34/ 0(7+2' %ODQN

0HWDOV�LQ�7&/3�
86(3$�����

'DWH�H[WUDFWHG� � �������
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'DWH�DQDO\VHG� � �������
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$UVHQLF�LQ�7&/3� PJ�/ ���� 0HWDOV�����
,&3�$(6

�����

&DGPLXP�LQ�7&/3� PJ�/ ���� 0HWDOV�����
,&3�$(6

�����
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�
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7ULIOXRURWROXHQH
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48$/,7<�&21752/ 81,76 'XS��6P� 'XSOLFDWH 6SLNH�6P� 6SLNH���5HFRYHU\

0HWDOV�LQ�7&/3�86(3$����� %DVH���'XSOLFDWH����53'
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&RSSHU�LQ�7&/3� PJ�/ >17@ >17@ /&6�:� ����

/HDG�LQ�7&/3� PJ�/ >17@ >17@ /&6�:� ���

1LFNHO�LQ�7&/3� PJ�/ >17@ >17@ /&6�:� ���
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5HSRUW�&RPPHQWV�
$FLG�([WUDFWDEOH�0HWDOV�LQ�6RLO��7KH�ODERUDWRU\�53'�DFFHSWDQFH�FULWHULD
KDV�EHHQ�H[FHHGHG�IRU����������IRU�3E��7KHUHIRUH�D�WULSOLFDWH�UHVXOW�KDV�
EHHQ�LVVXHG�DV�ODERUDWRU\�VDPSOH�QXPEHU����������

$VEHVWRV��$�SRUWLRQ�RI�WKH�VXSSOLHG�VDPSOH�ZDV�VXE�VDPSOHG�IRU�DVEHVWRV�DQDO\VLV�DFFRUGLQJ�WR�(QYLURODE�SURFHGXUHV��
:H�FDQQRW�JXDUDQWHH�WKDW�WKLV�VXE�VDPSOH�LV�LQGLFDWLYH�RI�WKH�HQWLUH�VDPSOH��(QYLURODE�UHFRPPHQGV�VXSSO\LQJ�
�����J�RI�VDPSOH�LQ�LWV�RZQ�FRQWDLQHU��
1RWH��6DPSOHV����������WR���ZHUH�VXE�VDPSOHG�IURP�MDUV�SURYLGHG�E\�WKH�FOLHQW�

$VEHVWRV�,'�ZDV�DQDO\VHG�E\�$SSURYHG�,GHQWLILHU�� /XF\�=KX
$VEHVWRV�,'�ZDV�DXWKRULVHG�E\�$SSURYHG�6LJQDWRU\�� 3DXO�&KLQJ

,16��,QVXIILFLHQW�VDPSOH�IRU�WKLV�WHVW 34/��3UDFWLFDO�4XDQWLWDWLRQ�/LPLW 17��1RW�WHVWHG
15��7HVW�QRW�UHTXLUHG 53'��5HODWLYH�3HUFHQW�'LIIHUHQFH 1$��7HVW�QRW�UHTXLUHG
���/HVV�WKDQ !��*UHDWHU�WKDQ /&6��/DERUDWRU\�&RQWURO�6DPSOH
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4XDOLW\�&RQWURO�'HILQLWLRQV

%ODQN��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��

'XSOLFDWH � 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��

0DWUL[�6SLNH ��$�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��

/&6��/DERUDWRU\�&RQWURO�6DPSOH� ��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��

6XUURJDWH�6SLNH�� 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�

/DERUDWRU\�$FFHSWDQFH�&ULWHULD
'XSOLFDWH�VDPSOH�DQG�PDWUL[�VSLNH�UHFRYHULHV�PD\�QRW�EH�UHSRUWHG�RQ�VPDOOHU�MREV��KRZHYHU��ZHUH�DQDO\VHG�DW�D�IUHTXHQF\
WR�PHHW�RU�H[FHHG�1(30�UHTXLUHPHQWV��$OO�VDPSOHV�DUH�WHVWHG�LQ�EDWFKHV�RI�����7KH�GXSOLFDWH�VDPSOH�53'�DQG�PDWUL[
VSLNH�UHFRYHULHV�IRU�WKH�EDWFK�ZHUH�ZLWKLQ�WKH�ODERUDWRU\�DFFHSWDQFH�FULWHULD�
)LOWHUV��VZDEV��ZLSHV��WXEHV�DQG�EDGJHV�ZLOO�QRW�KDYH�GXSOLFDWH�GDWD�DV�WKH�ZKROH�VDPSOH�LV�JHQHUDOO\�H[WUDFWHG�
GXULQJ�VDPSOH�H[WUDFWLRQ�
6SLNHV�IRU�3K\VLFDO�DQG�$JJUHJDWH�7HVWV�DUH�QRW�DSSOLFDEOH�
)RU�92&V�LQ�ZDWHU�VDPSOHV��WKUHH�YLDOV�DUH�UHTXLUHG�IRU�GXSOLFDWH�RU�VSLNH�DQDO\VLV�

'XSOLFDWHV����[34/���DQ\�53'�LV�DFFHSWDEOH���!�[34/���������53'�LV�DFFHSWDEOH�
0DWUL[�6SLNHV��/&6�DQG�6XUURJDWH�UHFRYHULHV��*HQHUDOO\���������IRU�LQRUJDQLFV�PHWDOV���������
IRU�RUJDQLFV���������VXUURJDWHV��DQG���������IRU�ODELOH�692&V��LQFOXGLQJ�ODELOH�VXUURJDWHV���XOWUD�WUDFH�RUJDQLFV�
DQG�VSHFLDWHG�SKHQROV�LV�DFFHSWDEOH�

,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�

: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�

: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�

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

3DJH����RI����(QYLURODE�5HIHUHQFH� ������
5HYLVLRQ�1R�����������������5 ��
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&OLHQW�
1(2�&RQVXOWLQJ�3W\�/WG
32�%R[����
5LYHUVWRQH
16: ����

$WWHQWLRQ� 1LFN�&DOWDELDQR

6DPSOH�ORJ�LQ�GHWDLOV�
<RXU�5HIHUHQFH� 1�����%
1R��RI�VDPSOHV� ��VRLOV
'DWH�VDPSOHV�UHFHLYHG���FRPSOHWHG�LQVWUXFWLRQV�UHFHLYHG �������� � ��������

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

5HSRUW�'HWDLOV�
'DWH�UHVXOWV�UHTXHVWHG�E\����,VVXH�'DWH� �������� � ��������
'DWH�RI�3UHOLPLQDU\�5HSRUW� 1RW�,VVXHG
1$7$�DFFUHGLWDWLRQ�QXPEHU�������7KLV�GRFXPHQW�VKDOO�QRW�EH�UHSURGXFHG�H[FHSW�LQ�IXOO�
$FFUHGLWHG�IRU�FRPSOLDQFH�ZLWK�,62�,(&���������7HVWLQJ 7HVWV�QRW�FRYHUHG�E\�1$7$�DUH�GHQRWHG�ZLWK�
�

5HVXOWV�$SSURYHG�%\�

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



&OLHQW�5HIHUHQFH� 1�����%

Y75+�&��&����%7(;1�LQ�6RLO�

2XU�5HIHUHQFH� 81,76 �������� �������� �������� �������� ��������

<RXU�5HIHUHQFH ������������
�

6%����� 6%����� 6%����� 6%����� 6%�����

'HSWK ������������ ��� ��� ��� ��� ���

'DWH�6DPSOHG
7\SH�RI�VDPSOH

����������
6RLO

����������
6RLO

����������
6RLO

����������
6RLO

����������
6RLO

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

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

75+�&� ��&� PJ�NJ ���� ���� ���� ���� ����

75+�&� ��&�� PJ�NJ ���� ���� ���� ���� ����

Y73+�&� ��&�� OHVV�%7(;�
�)��

PJ�NJ ���� ���� ���� ���� ����

%HQ]HQH� PJ�NJ ����� ����� ����� ����� �����

7ROXHQH� PJ�NJ ����� ����� ����� ����� �����

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

P�S�[\OHQH� PJ�NJ ��� ��� ��� ��� ���

R�;\OHQH� PJ�NJ ��� ��� ��� ��� ���

7RWDO��YH�;\OHQHV� PJ�NJ ��� ��� ��� ��� ���

QDSKWKDOHQH� PJ�NJ ��� ��� ��� ��� ���

6XUURJDWH DDD�7ULIOXRURWROXHQH � ���� ��� ��� ��� ����

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



&OLHQW�5HIHUHQFH� 1�����%

VY75+��&���&����LQ�6RLO�

2XU�5HIHUHQFH� 81,76 �������� �������� �������� �������� ��������

<RXU�5HIHUHQFH ������������
�

6%����� 6%����� 6%����� 6%����� 6%�����

'HSWK ������������ ��� ��� ��� ��� ���

'DWH�6DPSOHG
7\SH�RI�VDPSOH

����������
6RLO

����������
6RLO

����������
6RLO

����������
6RLO
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'DWH�H[WUDFWHG� � ����������� ����������� ����������� ����������� �����������

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

75+�&�� ��&�� PJ�NJ ���� ���� ���� ���� ����

75+�&�� ��&�� PJ�NJ ����� ����� ����� ����� �����

75+�&�� ��&�� PJ�NJ ����� ����� ����� ����� �����

75+�!&���&�� PJ�NJ ���� ���� ���� ���� ����
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PJ�NJ ���� ���� ���� ���� ����
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75+�!&���&�� PJ�NJ ����� ����� ����� ����� �����

7RWDO��YH�75+��!&���&���� PJ�NJ ���� ���� ���� ���� ����

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

3DJH���RI����(QYLURODE�5HIHUHQFH� ������
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$FLG�([WUDFWDEOH�PHWDOV�LQ�VRLO

2XU�5HIHUHQFH� 81,76 �������� �������� �������� �������� ��������
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'DWH�DQDO\VHG� � ����������� ����������� ����������� ����������� �����������

/HDG� PJ�NJ �� ��� ��� ��� ��

3DJH���RI����(QYLURODE�5HIHUHQFH� ������
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0RLVWXUH�
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0RLVWXUH� � ��� ��� ���� ��� ���

3DJH���RI����(QYLURODE�5HIHUHQFH� ������
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$VEHVWRV�,'���VRLOV�
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<RXU�5HIHUHQFH ������������
�
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6DPSOH�PDVV�WHVWHG� J $SSUR[����J $SSUR[����J $SSUR[����J $SSUR[����J $SSUR[����J

6DPSOH�'HVFULSWLRQ� � %HLJH�FRDUVH�
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URFNV

%HLJH�FRDUVH�
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URFNV
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URFNV
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URFNV
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0HWKRG�,' 0HWKRGRORJ\�6XPPDU\

�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�
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: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��
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*&�),'��

)�� ��!&���&����1DSKWKDOHQH�DV�SHU�1(30�%��*XLGHOLQH�RQ�,QYHVWLJDWLRQ�/HYHOV�IRU�6RLO�DQG�*URXQGZDWHU�
�+6/V�7DEOHV��$����������1RWH�1DSKWKDOHQH�LV�GHWHUPLQHG�IURP�WKH�92&�DQDO\VLV�
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�+6/V�7DEOHV��$����������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��!&���&����

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

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

�$6%���� $VEHVWRV�,'���4XDOLWDWLYH�LGHQWLILFDWLRQ�RI�DVEHVWRV�LQ�EXON�VDPSOHV�XVLQJ�3RODULVHG�/LJKW�0LFURVFRS\�DQG�
'LVSHUVLRQ�6WDLQLQJ�7HFKQLTXHV�LQFOXGLQJ�6\QWKHWLF�0LQHUDO�)LEUH�DQG�2UJDQLF�)LEUH�DV�SHU�$XVWUDOLDQ�6WDQGDUG�
����������

�,QRUJ���� 7R[LFLW\�&KDUDFWHULVWLF�/HDFKLQJ�3URFHGXUH��7&/3��XVLQJ�LQ�KRXVH�PHWKRG�,125*�����

�(;75$&7�� 7R[LFLW\�&KDUDFWHULVWLF�/HDFKLQJ�3URFHGXUH��7&/3��XVLQJ�=HUR�+HDGVSDFH�([WUDFWLRQ��]+(��XVLQJ�$6�����DQG�
86(3$������

�,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�

�0HWDOV�����,&3�
$(6

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

�0HWDOV�����&9�
$$6

'HWHUPLQDWLRQ�RI�0HUFXU\�E\�&ROG�9DSRXU�$$6��
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48$/,7<�&21752/ 81,76 34/ 0(7+2' %ODQN 'XSOLFDWH�
6P�

'XSOLFDWH�UHVXOWV 6SLNH�6P� 6SLNH���
5HFRYHU\

Y75+�&��&����%7(;1�LQ�
6RLO�

%DVH�OO�'XSOLFDWH�OO��53'

'DWH�H[WUDFWHG� � �������
���

>17@ >17@ /&6�� ����������

'DWH�DQDO\VHG� � �������
���

>17@ >17@ /&6�� ����������

75+�&� ��&� PJ�NJ �� 2UJ���� ��� >17@ >17@ /&6�� ����
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7ROXHQH� PJ�NJ ��� 2UJ���� ���� >17@ >17@ /&6�� ����
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R�;\OHQH� PJ�NJ � 2UJ���� �� >17@ >17@ /&6�� ����
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6XUURJDWH DDD�
7ULIOXRURWROXHQH

� 2UJ���� ��� >17@ >17@ /&6�� ����

48$/,7<�&21752/ 81,76 34/ 0(7+2' %ODQN 'XSOLFDWH�
6P�

'XSOLFDWH�UHVXOWV 6SLNH�6P� 6SLNH���
5HFRYHU\

VY75+��&���&����LQ�6RLO� %DVH�OO�'XSOLFDWH�OO��53'

'DWH�H[WUDFWHG� � �������
���

>17@ >17@ /&6�� ����������

'DWH�DQDO\VHG� � �������
���

>17@ >17@ /&6�� ����������
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5HSRUW�&RPPHQWV�
$VEHVWRV��$�SRUWLRQ�RI�WKH�VXSSOLHG�VDPSOH�ZDV�VXE�VDPSOHG�IRU�DVEHVWRV�DQDO\VLV�DFFRUGLQJ�WR�(QYLURODE�SURFHGXUHV��
:H�FDQQRW�JXDUDQWHH�WKDW�WKLV�VXE�VDPSOH�LV�LQGLFDWLYH�RI�WKH�HQWLUH�VDPSOH��(QYLURODE�UHFRPPHQGV�VXSSO\LQJ�
�����J�RI�VDPSOH�LQ�LWV�RZQ�FRQWDLQHU��
1RWH��6DPSOHV����������WR���ZHUH�VXE�VDPSOHG�IURP�MDUV�SURYLGHG�E\�WKH�FOLHQW�

$VEHVWRV�,'�ZDV�DQDO\VHG�E\�$SSURYHG�,GHQWLILHU�� /XF\�=KX
$VEHVWRV�,'�ZDV�DXWKRULVHG�E\�$SSURYHG�6LJQDWRU\�� 3DXO�&KLQJ

,16��,QVXIILFLHQW�VDPSOH�IRU�WKLV�WHVW 34/��3UDFWLFDO�4XDQWLWDWLRQ�/LPLW 17��1RW�WHVWHG
15��7HVW�QRW�UHTXLUHG 53'��5HODWLYH�3HUFHQW�'LIIHUHQFH 1$��7HVW�QRW�UHTXLUHG
���/HVV�WKDQ !��*UHDWHU�WKDQ /&6��/DERUDWRU\�&RQWURO�6DPSOH
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4XDOLW\�&RQWURO�'HILQLWLRQV

%ODQN��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��

'XSOLFDWH � 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��

0DWUL[�6SLNH ��$�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��

/&6��/DERUDWRU\�&RQWURO�6DPSOH� ��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��

6XUURJDWH�6SLNH�� 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�

/DERUDWRU\�$FFHSWDQFH�&ULWHULD
'XSOLFDWH�VDPSOH�DQG�PDWUL[�VSLNH�UHFRYHULHV�PD\�QRW�EH�UHSRUWHG�RQ�VPDOOHU�MREV��KRZHYHU��ZHUH�DQDO\VHG�DW�D�IUHTXHQF\
WR�PHHW�RU�H[FHHG�1(30�UHTXLUHPHQWV��$OO�VDPSOHV�DUH�WHVWHG�LQ�EDWFKHV�RI�����7KH�GXSOLFDWH�VDPSOH�53'�DQG�PDWUL[
VSLNH�UHFRYHULHV�IRU�WKH�EDWFK�ZHUH�ZLWKLQ�WKH�ODERUDWRU\�DFFHSWDQFH�FULWHULD�
)LOWHUV��VZDEV��ZLSHV��WXEHV�DQG�EDGJHV�ZLOO�QRW�KDYH�GXSOLFDWH�GDWD�DV�WKH�ZKROH�VDPSOH�LV�JHQHUDOO\�H[WUDFWHG�
GXULQJ�VDPSOH�H[WUDFWLRQ�
6SLNHV�IRU�3K\VLFDO�DQG�$JJUHJDWH�7HVWV�DUH�QRW�DSSOLFDEOH�
)RU�92&V�LQ�ZDWHU�VDPSOHV��WKUHH�YLDOV�DUH�UHTXLUHG�IRU�GXSOLFDWH�RU�VSLNH�DQDO\VLV�

'XSOLFDWHV����[34/���DQ\�53'�LV�DFFHSWDEOH���!�[34/���������53'�LV�DFFHSWDEOH�
0DWUL[�6SLNHV��/&6�DQG�6XUURJDWH�UHFRYHULHV��*HQHUDOO\���������IRU�LQRUJDQLFV�PHWDOV���������
IRU�RUJDQLFV���������VXUURJDWHV��DQG���������IRU�ODELOH�692&V��LQFOXGLQJ�ODELOH�VXUURJDWHV���XOWUD�WUDFH�RUJDQLFV�
DQG�VSHFLDWHG�SKHQROV�LV�DFFHSWDEOH�

,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�

: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�

: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�

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