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PREFACE

This guiddine for the Development of Sampling and Analysis Programs includes the former draft
Guidelines for the Assessment of Stes Incorporating Underground Storage Tanks (DEP, 2000) and
former draft Contaminated Ste Assessment Guidelines for the Development of Sampling and
Analysis Programs (DEP, 2000) and has been prepared by the Department of Environmental Protection
(DEP) to provide consultants, local government authorities, industry and other interested parties in the
assessment of contaminated sitesin Western Augtrdia (WA).

This guiddine provides an indication of the methods and work required when developing a sampling and
andyss program (SAP) for the invedigaion and vaidation of gdtes incuding those incorporating
underground storage tanks (USTS). The guideline entitled Reporting on Site Assessments (DEP, 2001)
provides detalls, including a checklis of information required by the DEP when reporting on dte
investigations and remediation vaidetions.

Enquiries about this guideline may be directed to the Contaminated Sites Section as follows:

Contaminated Sites Section
Environmenta Regulation Divison
Department of Environmental Protection
PO Box K822

PERTH WA 6842

Telephone: (08) 9222 7000

Fax: (08) 9322 1598
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LIMITATIONS

This guiddine applies to persons investigating contaminated sites.  The contents herein provide guidance
only and do not purport to provide a methodology for the assessment of stes. Competent professonas
should be engaged to provide specific advice in relation to the assessment of contaminated Sites.

This guiddine should be used in conjunction with the texts referenced herein, and any other appropriate
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references.

This guideline does not contain occupationa safety and health procedures and should therefore not be used
as a fidd manua for sampling. WorkSafe Western Audtrdia should be consulted regarding such
requirements.
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DISCLAIMER

This guiddine has been prepared by the DEP in good faith exercisng dl due care and attention. No
representation or warranty, expressed or implied, is made as to the relevance, accuracy, completeness or
fitness for purposes of this document in respect of any particular user’s circumgtances. Users of this
guideline should satisfy themsdlves concerning its gpplication to their Stuation, and where necessary seek
expert advice.

CONTAMINATED SITES MANAGEMENT SERIES

This guiddine forms part of the Contaminated Sites Management Series developed by the DEP to address
certain key aspects of contaminated site management in Western Audtrdia

The management series contains the following guidelines:
Assessment Levelsfor Soil, Sediment and Water;
Certificate of Contamination Audit Scheme;
Community Consultation;
Contaminated Site Auditor Accreditation Scheme;
Deveopment of Sampling and Andysis Programs;
Disclosure Statements,
Guidance for Planners;
Potentidly Contaminating Activities, Industries, and Landuses,
Reporting of Known or Suspected Contaminated Sites,
Reporting on Site Assessments; and
Site Classfication Scheme.

Reference to this guiddine should ensure that the generd requirements of the DEP are satisfied.

Copies of these guiddines are available on the DEP website, www.environ.wa.gov.au
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STAGED APPROACH TO SITE INVESTIGATIONS

TheContamineted StesManegemant Sariesof guiddineshesbeandevd oped by the DEP toencourege
aconggent goproechto contamineted Steassesament and manegemeant. Onedf themanfocusesof
the seriesisthestaged appr oach to Siteinvestigation .

The purpose of thisflow-chart isto highlight to the reader the appropriate reference guideline(s)

during each of the stages of site investigation.

Stages of Site
Investigation

Stage 1

Contaminated Sites
Management Series
Guidelines
Potertially Contamireting Adivities Industriesand
Landuses
Repartingof Knoanor Sugpected Contaminated
Sites

Preliminary Site
I nvestigation
(PSN)

Development of aHSEP and SAP*

l

Stage 2
Detailed Site

Development of Sampling and Analysis Programs

Reporting on Site Assessments
Community Consultation

Community Consultation
Development of Sampling and Analysis Programs

I nvestigation
(DS)

Development of aHSEP and SAP*

J

Stage 3
Site

Assessment Levelsfor Soil, Sediment and Water

Reporting on Site Assessments

’7Community Consultation

Management
Plan
(SMP)

Development of aHSEP and SAP*

l

Stage 4
Remediation

LDevel opment of Sampling and Analysis Programs

Reporting on Site Assessments

Reporting on Site Assessments

Validation and
Ongoing
M anagement

Assessment Levelsfor Soil, Sediment and Water
Community Consultation

*Wharessmplesaretobecdleted aHedth, Sfety and Environment Han (HSEP), and Samplingand

Analysis Program (SAP) should be prepared.
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1. INTRODUCTION

Summary
The objective of this guideline is to assist practitioners to develop sampling and analysis
programs (SAP) as part of the contamination assessment, remediation and validation
stages of site assessments.
A SAP isadite-gpecific document which presents:
- the objective(s) for sampling at a contaminated site;
- amethodology for determining sampling, sample preservation, sample transportation,
sample storage, quality assurance and quality control (QA/QC), and analysis; and
- the number, type and locations for sampling to ensure the collection of
representative, reproducible data on the nature and extent of in situ contamination.

The development of a SAP is a key factor in conducting a Ste investigation or remediation program to
ensure that representative and reproducible data is obtained, which can be used to assess the nature and
extent of in situ contamination and any risks posed to the environment and human hedlth.

Prior to the collection of samples at a Ste, during a Prdiminary Site Investigation (PSl), Detaled Site
Investigation (DSl) or Remediation Vdidation, a comprehensve SAP should be developed. Page lI
presents a flow chart indicating when SAPs and Health and Safety and Environment Plans (HSEPs) should
be developed in the Site assessment process.

The leve of detall within a SAP is determined by both the characteristics of the Ste and the objectives of
the program. There can be no prescribed method for the assessment of Ste contamination as esch Ste
presents a different scenario in terms of contaminants, exposure pathways and desired end uses. The
assessment of a contaminated or potentialy contaminated Ste should therefore be undertaken on a dte-

Soecific basis.

As such, this guiddline is not prescriptive, but presentsfactorsthat should be taken into account
when developing a SAP. This guiddine should be used in conjunction with any other relevant
guidelines, standards and information sources as well as professional experience and judgement
to develop the most appropriate program for a site. Full justification for the location of sampling
points, frequency and analytes used, should be provided in the SAP and any subsequent reports.

The development of a SAP ensures that al persons collecting samples a a Ste are aware of the objectives
of the sampling program, the correct sampling methodologies, sample preservation and analytical program,
etc. This information is important as it will provide guidance where field conditions differ from expected
conditions, and to ensure rdliability of sampling.

Reference to this guiddine should ensure that the general requirements of the DEP are satisfied. Specidist
advice should be sought on site-specific requirements from competent professionas and the DEP, where

appropriate.
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11 GOAL

The god of thisguiddineisto provide practical guidance to assst practitionersin developing a SAPto;
obtain representative and reproducible data of the nature and extent of in situ contamingtion at asite
in order to adequately assess the risk and potential risk that a Site poses to both human hedlth and
the environment; and
vdidate remediation of a Site to ensure that no contamination remains on-Site which may pose arisk
to human hedlth or the environment.

1.2 SCOPE

This guiddine has been prepared specificaly to assst practitioners to develop a SAP for assessing
contaminated Sites.

This guideline presents the requirements for the development of a SAP for soil, sediment and groundwaeter.
For each of these media, factors to be congdered in determining the sampling design, including the location
(spatid and verticd), number and frequency of sampling are provided. This guiddine adso addresses

QA/QC.

This guiddine does not cover:
sampling methodol ogies and techniques,
sampling requirements for biota or food chains;
remediation methodol ogies and techniques, or
occupationd hedth and safety issues.

Where information on contaminant concentrations in plant and animd tissues is required, reference should
be made to the risk assessment methodologies provided in the National Environment Protection
(Assessment of Ste Contamination) Measure (NEPM) (NEPC, 1999).

This guideline provides factor s that should be considered in developing a SAP. The guiddine for
Reporting on Site Assessments (DEP, 2001) should be referenced for a general overview of the
stages of site assessment, and the requirements of the DEP with respect to reporting on site
assessments.

The Potentially Contaminating Activities, Industries and Landuses (DEP, 2001) guidédine
providesalist of potentially contaminating activities that can be used to assessthe possibility for
contamination at a Site.

Additional information with respect to contamination assessment levels can be obtained from the
Assessment Levelsfor Soil, Sediment and Water (DEP, 2001) guideline.

1.3 HEALTH & SAFETY

The scope of this guideline does not cover the hedth and safety aspects of contaminated Stes, however
some points have been included here to prompt the consderation of hedth and safety when planning
activities on contaminated sites.
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Hedth and Safety Plans (HSEPs) should be consdered before each sampling stage.

The Occupational Safety and Health Act 1984 places a clear obligation on a person to ensure the safety
and hedlth of anyone they engage to do work (such as drillers, earthmoving contractors and consultants). It
is therefore recommended that HSEPs be produced and the contents adequately communicated to dl ste
personnd prior to their exposure to the site.

Guidance on the contents of HSEPs can be obtained from the National Environment Protection
(Assessment of Ste Contamination) Measure (Schedule B(9) Protection of Health and the
Environment During the Assessment of Ste Contamination) (NEPC, 1999).

Copies of HSEPs should be forwarded to WorkSafe Western Audtralia along with notification of any dte
works prior to the commencement of the Ste works. WorkSafe Western Australia should be contacted
for further information on natification of site works and HSEP requirements.

Any risks to the public such as adjacent landowners/occupants should be identified and measures
implemented to minimise them.

It is expected that when conducting Ste investigations:

. practitioners engage contractors (e.g. drillers, eath moving contractors, surveyors) who have
undergone some training associated with operating on contaminated Sites, and ensure that dl persons
on the gte are familiar with the rdlevant hedth and safety aspects of the Ste;
drilling contractors holding an appropriate National Water Well Drillers Licence would be engaged
where groundwater bores are to be ingtalled; and
competent professionds possessing the relevant skills, knowledge, experience and judgement would
upervie dl intrusve investigations, e.g. geologis, hydrogeologist.

If the Ste subject to the invedtigation is on a mine-site as defined under the Mine Safety and Inspection
Act 1994, then a copy of the HSEP should be submitted to the Department of Mineral and Petroleum
Resources (DMPR).

1.4 STAGED APPROACH TO SITE INVESTIGATIONS

In order to obtain the most representative samples and data on a Site, a staged approach to contaminated
Site assessment should be adopted, for example:

Stage 1 - Prdiminary Site Investigation (PS);

Stage 2 - Detalled Site Investigation (DS));

Stage 3 - Site Management Plan (SMP); and

Stage 4 - Remediation, Vaidation and Ongoing Management.

Reports can be submitted to the DEP for review at any stage of the assessment process or on completion
of the entire investigation. The DEP recommends, however, that a staged approach to the submission of
contaminated Site reports be taken, consstent with the staged approach to Site investigations as outlined in
the Reporting on Ste Assessments (DEP, 2001). Submitting reports in a staged manner enables the DEP
to provide guidance and advice in the early stages of the investigation, which often reduces delays during
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the final assessment and clearance of dtes. Difficulties associated with the qudity of information, sampling
parameters and didribution, adopted investigation levels and environmentaly sendtive issues can be
resolved in the early stages of the investigation. Submission of reports on completion of each of the stages
of investigation adso enables Ste investigation and management objectives to be developed in consultation
with the DEP prior to commencement of the next stage of investigation. The DEP is not, however to be
used as a consultant. Suitable reports should therefore be developed to meet the requirements as outlined
inthisguiddine

Prdiminary Ste Invedtigations (PSls) identify the Ste characteristics (location, layout, building construction,
hydrogeology) and historica landuses and activities a the ste. PSIs are primarily “desk top” studies,
dthough a detailed ste ingpection (including interviews with Ste representatives) should be included where
posshle. PSIs may include the collection of preiminary samples. The findings of a PSl form the basis of
al further dte invedtigations, and therefore it isimperative that as much information on the Ste as possble is
obtained and included in this preiminary phase of investigation.

Following a PSl, Detaled Site Investigations (DSIs) may be required to confirm the findings of the PSI, to
identify any additiond evidence of contamination via sampling and to determine the impact that
contamination at aste has, or may have, on human hedth and the environment.

The purpose of a DS is to conduct detailed sampling to establish the nature of contamination, the |ateral
and verticd didribution of contaminants, determine contaminant concentrations, clarify contamination
sources and give consideration to potentid human hedlth and environmenta impacts. DSIs may be
completed in a number of stages depending upon the Sze or complexity of the Site.

The devdopment of a Site Management Plan (SMP) involves the sdection of an effective management
drategy which is practica, achieves the desired outcomes and is socidly and environmentally acceptable.
The SMP should address:
specific data gaps identified during the DS,
identify the additiona information required for the sdection and/or design of remedid and/or
management options (e.g. active remediation, risk mitigation); and
idertify the required basdine data for dtes subject to monitored natural attenuation (passve
remediation).

Remediation, vdidation and ongoing management enable the success of the remediation to be assessed.
The remediation and vaidation report should clearly demondrate that the land is suitable for its current or
intended use, that the beneficid use of environmenta receptors including groundweter or surface water is
not compromised and that al the objectives of the remediation have been achieved and accounted for.

15 RELEVANT REFERENCES

A large amount of literature is available on the assessment of contaminated Stes. This guiddine has been
written to amagamate the key points of a number of references, but it is by no means exhaudive and more
detailed information should be obtained on specific media, contaminants etc. where required prior to design
of aprogram. Some useful references are provided in Section 9.
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2. SAMPLING AND ANALYSIS PROGRAM DESIGN

Summary

Sampling and analysis programs (SAP) should be developed prior to the collection of any

sampleson a site.

SAPs should besite-specific.

SAPs should be based upon the findings of PSIs. (Where sampling is to be conducted as

part of the PSI, then a SAP should be developed based upon the findings o the desktop

study and detailed siteinspection conducted as part of the PSl).

The SAP should document, asa minimum:

- the obj ectives of the sampling program;

- background information on the site (location, activities, known contaminants);

- the number and type of samplesto be collected;

- sample collection locations (sample patter ns);

- a description of sampling methods including sample containers, sampling devices and
equipment, equipment decontamination procedures, sample handling procedures,
sample preservation methods and reference to recognised protocols;

- disposal of sampling/remedial waste (soils, sediment, water s, decontamination wastes,
etc.);

- sample analysis requirements (analytes and analytical methods); and

- QA/QC methaods.

2.1 INTRODUCTION

Prior to the collection of any samples a a Site, a SAP should be developed to determine the most effective
and representative sampling strategies and andysis parameters.

A SAP should document, as a minimum:
: the objectives of the sampling program;
background information on the Site (e.g. location, activities, known contaminants);
the number and type of samples to be collected;
sample collection (sample patterns);
a description of sampling methods (including sample containers, sampling devices and equipment,
equipment decontamination procedures, sample handling procedures and reference to recognised
protocols, etc.), sample collection information (e.g. depth, methodology), sample identification,
preservation, handling and storage details and chain of custody details;
disposa of sampling/remedid waste (soil, sediment, waters, decontamination wadtes, etc.);
sample andysis requirements; and
QA/QC methods.

The development of a SAP should take into congideration the following:
findings of the PS;
objective(s) of the SAP,
contaminant distribution (known or inferred, point source or diffuse source, handling of contaminated
materia to avoid Soreading the contamination, and prevention of further distribution);
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background sampling locations (to benchmark site contamination and establish any naturdly evated
parameters);

choice of andytes,

hedlth and safety of ste workers, generd public and the environment (preparation of a HSEP);
potentia Site outcomes (proposed Site uses);

mogt effective sampling techniques; and

proposed disposd location for any excavated/abstracted waste during/following sampling and
remedid works.

2.2 OBJECTIVES OF SAMPLING AND DATA COLLECTION

Prior to designing a SAP, the objectives of the program should be defined. A SAP can rangein detall from
a preliminary sample screening exercise to a plan for a DS, or form part of remediation, validation and
ongoing management. The objectives of the program must be clearly defined to enable determination of the
most gppropriate sample types, sampling locations, andlysis parameters, analyticd detection limits and
review of investigation findings to determine if the objectives have been met.

The objectives of a SAP can include:

- determination of the location of contaminant sources,
determination of the nature, magnitude and extent of contamination;
determination of background concentrations;
determination of contaminant migration and exposure pathway's,
data qudity objectives (DQOs) (statements which specify the quality of the data required, guidance
can be sought in AS 4482.1 — 1997 Guide to the Sampling and Investigation of Potentially
Contaminated Soil, Part 1. Non-volatile and Semi-Volatile Compounds (AS4482.1-1997));
provison of meaningful and accurate results on which to base human hedlth and/or ecologica risk
assessments; and
provison of vaidation data to determine successful remediation of aste.

Once determined, the objective(s) of the program will influence:
: what information is required;
what levd of detall of information is required,
sample methodologies (including the number and type of samples to be collected and sample
locations);
sample preservation requirements, and
anadyss parameters.

During investigation of contaminated Sites, the objectives of a SAP may change as more contamination is
identified, new sources of contamination are identified, or redevelopment plans for the Ste change, etc. If
the objectives of the project change, then it is important to re-assess the SAP and determine if it will Hill
provide the required information/results.

Documentetion of the required works in a SAP, or recording al actions and decisons, alows review of
how an investigator has structured the program of sampling and andysis. It dso enables comparisons to be
made of works plamned againg the actud fidd activities and sampling completed in order to identify
whether the objectives of the program were adopted during the course of the investigation.
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2.3 SAMPLING REQUIREMENTS

In order to adequately assess a contaminated site, a SAP should be designed to include the number and
type of samples, and locations of sample collection. Table 1 presents a summary of the sampling
requirements for the assessment of contamination at a Site and vaidation of remediation.

Where a UST(s) is, or has been present a a Ste, reference should be made to Appendix F for the
minimum sampling requirements in the vicinity of the tank and any associated infrastructure,

Sampling of groundwater isrequired unlessit can be demonstrated to the satisfaction of the DEP
that thereislimited potential for groundwater to be contaminated at the site.

More detailed information is presented within the relevant sections of this guiddine.

TABLE 1. OVERVIEW OF SAMPLING REQUIREMENTS

ASSESSMENT OF VALIDATION OF
CONTAMINATION REMEDIATION
No. of Samples Sample L ocation No. of Samples Sample L ocation
Dependent upon size of Laterally and Dependent upon Systematic, evenly spaced
sSite, geology, vertically spaced to extent of samples across walls and
_ hydrogeology, type of determine the extent contamination and bottom of all excavated
'S contamination, historical | of contamination. remedial works. areas. Sampling in areas of
landuse, outcomes of remaining contamination in
previousinvestigations, addition to the grid pattern.
etc.
Dependent uponthesize | Laterally and Dependent upon Grid pattern across dredge
- of the site, the sediment | vertically spaced to extent of area, and along boundaries
o) lithology, the type of determine the extent contamination and of dredge area. Monitoring
£ contamination, historical | of contamination. remedial works. to ensure that the source is
-L% landuse, outcomes of removed, and build up of
previousinvestigations, contaminated sediments
etc. does not re-occur.
Dependent upon the size | Within, down- Dependent upon Dependent upon location
of the site, aquifer gradient and up- aquifer propertiesand | of groundwater monitoring
- properties (including gradient of temporal variationsin | borelocations across site.
® permeability, groundwater water quality and
-% groundwater levels, contamination plume. | levels. Consecutive
g presence of confining Minimum of three results should show
) units/sand lenses, etc.) boresto allow contaminant
and groundwater quality. | estimation of concentrations below
groundwater flow acceptable guideline
direction. criteria

2.4 CHOICE OF ANALYTES

The choice of andytes for sample analys's should be ste-specific and take into consderation:
the objectives of the program;
known contamination (e.g. historica leaks and spillages);
potentia contamination sources (identified during the PSI and Site ingpection);
proposed landuse for the Site;
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potentidly gpplicable comparison levels or guiddines,

availability of Nationa Association of Testing Authorities (NATA) accredited laboratories to
undertake andyds, and

breakdown products of contaminants (in some cases these can be more toxic, and/or more mobile
than the parent contaminant (e.g. TCE)).

The Potentially Contaminating Activities, Industries and Landuses (DEP, 2001) guiddine provides a
lig of potentid contaminants (andytes) which may be associated with some activities, industries and
landuses, and can be used as a generd guide when sdlecting andytes. However ste-specific information
obtained during a PSl should identify the actua and potentia contaminants at a Site, based on Ste activities.

When determining analytes, the detection limits should be considered. The required detection limits may
vary based upon the level of contamination at a ste and the landuse/lbeneficid use of the Ste. Detection
limits should be below the rdevant assessment levels.  Consultation with the laboratory during the
development of the SAP maybe required to determine what can be achieved.

Where soils are being assessed, in addition to the type and concentration of contaminants present,
determination of the |eachability of those contaminants may aso be required where groundwater is a a
shallow depth, or where disposd to landfill isto occur.

There is arange of testing procedures to assess the leachability of contaminants. In the past, the USEPA
Toxicity Characteristic Leaching Procedures (TCLP) has been used but this has now been superseded by
the leaching procedures defined in AS 4439.1-1999 Wastes, Sediments and Contaminated Soils —
Preparation of Leachates — Preliminary Assessment (AS 4439.1) (ASLP). Judtification for the use of
the leachability testing procedure should be provided and used on a case-specific basis.

Where sediments are being assessed, it is recommended that the Australian and New Zealand
Guidelines for Fresh and Marine Water Quality (ANZECC/ARMCANZ 2000) be referred to in
determining the mogt suitable analytes and andytical methods. Where sediments are being sampled, the
qudity of pore water within the sediments should be consdered, which is dso a source of contamination.
The ecologica impacts of contaminated sediments are influenced by the bicavailability of the contaminants
of concern. Therefore when assessng sediments, the total concentrations of contamination, dilute acid-
solubility of contaminants, organic content, grain sSze and speciation of the sediments and pore water
concentrations should be considered. Refer to other sections of this guiddine for further information about
sediment sampling.

Andysis of samples should be completed by laboratories that hold NATA accreditation for the particular
andytes and methodologies required. It should be noted that a laboratory may be NATA accredited for
some andytes and not others, and therefore a check of the laboratory accreditation for the required
andyds should be made prior to consgning the samples.

Laboratory certificates should be NATA endorsed reports.

Schedule B(3) Guideline on Laboratory Analysis of Potentially Contaminated Soils, National
Environment Protection (Assessment of Ste Contamination) Measure (NEPC, 1999) refers to
various laboratory techniques for the analyss of contaminated soils.
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2.5 APPROPRIATE SAMPLING METHODS

25.1 Factorsto be Considered

This guiddine does not contain information on sampling techniques or methodologies.  Information on
sampling techniques can be sourced from other references. However, in sdecting the most gppropriate
sampllng method, the following factors should be considered:

knowledge and experience of fidd aff in sampling techniques;

accesshility to the Ste and/or sections of the Site;

availability of equipment;

nature of contaminant(s);

hedth and safety of dte personne and generd public (e.g. exposure to contaminants, potentia

release of contaminants);

anticipated extent of contamination (e.g. hand augers can be used to sample shdlow contamination in

Soft soils, wheress deegper contamination and hard soils may require adrilling rig);

geologicd conditions (e.g. type of drilling rig required);

hydrogeologica conditions (e.g. depth to watertable, aguifer type, number of aquifers, groundwater

flow direction);

potentia for vertical and/or latera cross contamination during and after the collection of samples;

sengtivity of samplesto potentia cross-contamination and degradation in storage;

type and volume of wastes produced and waste disposa methods,

disturbance of floralfaunalheritage sites; and

potentia for release of contamination to the wider environment and surrounding beneficia uses (eg.

dust, odours, and stormwater runoff).

All samples should be collected using appropriate techniques to provide representative and reproducible
data.

It should be noted that where underground structures (USTs, pipe-work, bowsers, drainage lines, etc.)
reman in situ during any invedigetions, the results are indicative only. In order to determine a more
detailed and accurate representation of contamination, collection of samples from beneath infrastructure is
required and thisis generdly not possible where underground infrastructure remains, and particularly where
the Ste remains operational, as access is often limited. Therefore any information obtained from stes
where infragtructure remains will require vaidation following decommissioning of the Site.

Where the location of a UST and associated infrastructure is unknown, the use of geophysica methods and
fidd-testing should also be considered.

2.5.2 Composite Sampling

A composite sample is made up of a number of congtituent samples (sub-samples), which are collected
from a body of materia and combined into a single sample, which therefore represents the average
conditions of the body of materid.
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The rationale behind the use of composite sampling is often to reduce andyticd cods, and to provide a
generd indication of the presence/absence of contamination in investigation programs. Although in principle
composite samples represent the average concentration of the congtituent samples, amgor drawback with
composting is that a condituent sample containing a high concentration of contaminant can remain
undetected because its concentration was diluted in the compositing process. Conversdy, condtituent
samples may contain lower concentrations than the average, and where the average is above assessment
levels, may result in investigation/remediation of areas that are below the assessment levels. Therefore,
when interpreting data from composite samples, it is extremely important to be aware that as the data only
shows an average concentration, there are likely to be higher or lower concentrationsin situ.

With this in mind, composite sampling can be used as an initid screening tool only. More detalled
information on the exact extent of contamination can only be obtained from individud (or discreet) samples.

In addition, due to the fact that composite samples do not provide an indication of the possible maximum
contaminant concentrations, the results from composite sampling cannot be used for hedlth or ecologica
risk assessments.

Based on the above limitations, composite sampling can be used for PSl's, however the DEP will
not accept composite sample results as final results of an investigation unless adequate
judtification of the use of composites is provided, as well as full delineation of any identified

contamination. Compositing for validation purposesis not accepted by the DEP.

Where composite sampling isto be used at a Ste, the following should be considered:
al samples are made up from the same number of congtituent samples,
no more than 4 congtituent samples should be included in a composite sample;
condtituent samples should be equd in size
congtituent samples should be obtained from immediately adjacent sampling points;
condtituent samples should only be composited laterdly, not verticaly;
congtituent samples should be obtained from locations which are evenly spaced;
composite samples should be composited in a laboratory environment and not in the field.
Composites prepared outsde the laboratory would be unlikely to provide acceptable results because
of the difficultiesin controlling homogenising and weighing of samples Compasiting in the |aboratory
should be undertaken in accordance with AS 4482.1-1997; and
composite samples are not satisfactory for semi-volaile and volatile substances e.g. Total Petroleum
Hydrocarbons (TPH) and Polycyclic Aromatic Hydrocarbons (PAH).

Where composite samples are to be collected, information on compaositing methodology should be detailed
and should aso be reported in any documents relating to the sampling.

Where composite sampling is undertaken, adjustment of the assessment level is required
Further information on adjusting assessment levels for composite sampling can be obtained from
the Assessment Levelsfor Soil, Sediment and Water (DEP, 2001) guideline.
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2521  Soil

In addition to the limitations discussed above, composite sampling of soilsis unsuitable for:
gte vdidation sampling, as it does not provide a definitive indication of concentrations remaining
within the soil; and
soilswith ahigh clay content, as mixing and compogiting is difficult.

25.2.2 Sediment

Aswith soils, compositing of sediment samples is not recommended unless more detailed investigations are
to be completed. It is recommended that composting of sediments only occur over smdl arees of a dte
otherwise too much information may be logt regarding the nature and distribution of the contamination.

Composite samples should not be made from sediments of a different nature/geclogy (e.g. organic
content/particle size). The nature of the sediment bed should dways be visudly checked firg to ensure that
the sediment beds are geologicaly compatible.

The correct sampling and andytical methodologies for each of the known or expected contaminants should
be identified and incorporated into the SAP.

Further information may be obtained from AS/NZS 5667.12:1999 Water Quality — Sampling, Part 12:
Guidance on Sampling of Bottom Sediments (AS'NZS 5667.12:1999).

25.2.3 Groundwater

Compositing of groundwater samples, say from a number of monitoring bores at a Ste, is not accepted due
to the limitations of compositing including the:
inherent variability in groundwater conditions,
possibility of cross contamination from compaositing equipment; and
posshility of dteration of sample by ambient conditions during compodting eg. temperature,
oxidation, ultra-violet radiation, introduction of dust, etc.

2.6 SAMPLE IDENTIFICATION, PRESERVATION, TRANSPORTATION AND STORAGE

2.6.1 Sample Identification

The SAP should document the sample identification requirements for al types of samplesto be collected a
the ste. Sample identification should be completed as outlined in ASNZS 5667.1:1998 Water Quality —
Sampling, Part 1. Guidance on the Design of Sampling Programs, Sampling Techniques and the
Preservation and Handling of Samples (ASNZS5667.1:1998).
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2.7 SAMPLE PRESERVATION, TRANSPORTATION AND STORAGE

The SAP should document the sample preservation, trangportation and storage requirements of al types of

samples to be collected at the Ste. These parameters are dependent upon the sample media and choice of
andytes. Sample preservation, transportation and storage should be completed according to relevant

Audrdian Standards such as AS 4482.1-1997 and AS 4482.2-1999 Guide to the Sampling and

Investigation of Potentially Contaminated Soil, Part 2: Volatile Substances (AS 4482.2) and ASNZS
5667.1:1998 and the analytica methods sdlected.

It is recommended that sample preservation, trangportation and storage requirements be confirmed with the
andyticd laboratory prior to sample collection.

2.8 UNCERTAINTY OF SAMPLING

In dl sampling programs there will be uncertainty as to how representative samples are of in situ
contamination. This is due to a number of factors, including cross contamination of samples, spatia and
tempora variations in soil, sediments and groundwater, and the fact that most contamination is present
benesth the ground surface and is therefore unidentified until intrusive investigations are conducted (and
even then generdly only smdl areas of the subsurface). A SAP should be designed so as to minimise
uncertainty by basing it on a sound understanding of the Site and the contaminants of concern.

Sampling uncertainty should be taken into consideration where decisons are being made based on analysis
results, where statistical sampling methods of Site assessment are applied and where moddlling is based on
andyssreaults,

2.9 SAMPLING AND REMEDIAL WASTE DISPOSAL

Where dte contamination is known, or where it is determined that there is a high probability of
contamination, it is recommended that remediation options (for example, digposal) of any materid during
sampling and remediation activities (soil/sediment/water) be addressed prior to commencing site works so
asto:
minimise hedth ad safety risks to the public, ste personnd and the environment associated with
exposure to any contaminated meterid;
determine a strategy/method for characterising the waste;
determine the packaging requirements for waste materid to be disgposed of so0 asto reduce the risk
of costly and unsafe double handling (refer to the Australian Dangerous Goods Code Volume 1
and 2);
minimise time taken to obtain the gppropriate gpprovas for off-gte digposd; and
determine whether a permit for the transport of contaminated soils or liquid waste is required under
the Environmental Protection (Controlled Waste) Regulations 2001.

Where the concentration of contaminants in the spoil is bdow the rdevant invedtigation levels as
documented in the Assessment Levels for Sil, Sediment and Water (DEP, 2001) guideline or DEP
approved site-specific criteria, waste may be disposed of on-Ste a a suitable location following approva
from the Site operator/owner and any interested parties and authorities.
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Where the spoil is contaminated above the relevant assessment or Site-pecific levels for the current or
proposed landuse of the dte, treatment (on-Ste or off-dte), or off-dte digposd to a suitable location is
required.

There are certain requirements for the transport of soilsthat are classified as a Controlled Waste as per the
Environmental Protection (Controlled Waste) Regulations 2001. The collection or transport of
controlled waste must be carried out by a licensed transporter as stipulated under Regulation 15 of the
Environmental Protection (Controlled Waste) Regulations 2001. A licensed trangporter is defined asa
person who collects and trangports a controlled waste for financia reward or more than the notifiable
quantity (one tonne in the case of contaminated soil) of controlled waste in aperiod of one year.

An occupier of premises who wishes to remove a controlled waste from the premises must gpply to the
Chief Executive Officer of the DEP for a permit to remove the waste.

Disposd of contaminated soil to landfill must be at a licensed waste disposd facility and undertaken in
accordance with the Guidelines for Acceptance of Solid Waste to Landfill (DEP, 2001).
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3. QUALITY ASSURANCE/QUALITY CONTROL

The SAP should include measures to ensure the quaity and reproducibility of dl sampling methods used at
the site. Accurate QA/QC is required to ensure that the samples collected are of the highest quality and
integrity, and that analyss is completed with the highest accuracy. Where results are produced with
inadequate QA/QC procedures, they cannot be accepted as being accurate or representative of the site
conditions. This guiddine does not contain details on QA/QC measures as these are covered in AS
4482.1-1997 and AS/NZS 5667.1:1998. Guidance on the QA/QC reporting requirements of the DEP for
contaminated Site management is provided in the Reporting on Ste Assessments (DEP, 2001) guideline.

QA/QC measures are required regardless of the number of samples taken.

3.1 FIELD QUALITY ASSURANCE/QUALITY CONTROL

The minimum field QA/QC procedures that should be performed are:
collection of qudity control samples (for sampling and trangportation/preservation methods);
use of sandardised field sampling forms and methods; and
documenting cdibration and use of fidd ingruments.

Field QC samples are used to check for:
processes that may have interfered with the integrity of the samples;
crass contamination in the sampling procedures,
cross contamination from bore congtruction/sampling infrastructure ingtallation;
interferences from preservatives added to the samples;
interferences from processes within the anaytica laboratory;
accuracy of the laboratory results; and
precision of the laboratory results.

3.1.1 Quality Control Samples

The objectives of the SAP should be consdered when determining appropriate QC procedures.

AS 4482.1-1997 provides further information on quality control samples which should be included when
collecting soil samples, these should dso be adopted when sampling sediments. ASNZS 5667.1: 1998
provides information on the collection of quality control samples when sampling waters. Refer to Table 2
for a summary of some of the quality control samples that need to be considered for soil, sediment and
groundwater sampling.
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TABLE 2. QUALITY CONTROL SAMPLES
Typeof Why arethey used? How many should be Field/Laboratory
Sample taken? consider ations
Background | Background samples are generally Dependent upon the -
samples' taken outside of the boundary of the | nature of
site. They provide acomparison of contamination and
environmental quality away fromthe | background
influence of the site. environment.
Blind Blind replicates may be used to Oneblind replicate The blind replicate sample and
replicate identify the variation in analyte sample should be investigative sample from the
samples concentration between samples taken for every 20 sample location should be
(also known | collected from the same sampling investigative samples. | submitted to the laboratory as
asfield point and/or also the repeatability of two individual samples
duplicates)! | thelaboratory’sanalysis. without any indication to the
laboratory that they have been
duplicated.
Split Split samples are used to provide a For every 20 samples, | One sample from each set
samples' check on the analytical proficiency of | one set of split should be submitted to a
the laboratories. samples should be different laboratory for
taken. analysis. The same analytes
should be determined by both
laboratories, using the same
analytical methods.
Rinsate Rinsate blanks are used to provide Dependent upon -
blanks' confirmation that there has been no types of equipment
cross-contamination of substances used, contaminants
from the sampling equipment used. and decontamination
They are collected where cross- procedures.
contamination of samplesislikely to
impact on the validity of the sampling
and assessment process.
Field blank® | Field blanks are used to estimate At least onefield -
contamination of asample duringthe | blank should be taken
collection procedure. per sampling team per
trip per collection
apparatus.
Transport | Transport blanks are used to estimate | At least one transport -
blank? the amount of contamination blank should be
introduced during the transport and collected per group of
storage of samples from the time of samples.
sampling until the time of analysis.
Container | Container blanks estimate At least one container | A cleaned sample container is
blanks’ contamination from the container and | blank should be filled with water of an
preservation technique during collected per group of | appropriate quality, any
storage of the sample. samples. preservative used in the
sampleisadded, and then the
blank is stored for the same
time and same location as the
samplesfor analysis.
Other QC - Dependent upon -
samples' sampling and
preservation
techniques.
Notes:

1. pleaserefer to AS4482.1-1997 for further information.
2. please refer to AYNZS 5667.1:1998 for further information.
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3.2 LABORATORY QUALITY ASSURANCE/QUALITY CONTROL

Andyss of samples should be completed by laboratories that hold NATA accreditation for the particular
parameters and methodologies required. Information on QA/QC methods should be obtained from the
designated laboratory prior to sampling to ensure that they meet the requirements of the SAP.

The |aboratory report should be aNATA endorsed report and include:
the results of the andysis;
sample numbers,
laboratory numbers;
a statement about the condition of the samples when they were received (e.g. on ice, cold, ambient,
etc.);
date and time of receipt;
dates and times of extraction and andysis of samples;
qudity control results; and
areport on sampling and extraction holding times.

3.3 CHAIN OF CUSTODY

Chain of custody is the process that detalls the links in the transfer of samples between te time of
collection and their arrival at the designated laboratory. Severd transfers may take place in this process,
for instance, from the sampler to the courier, and from the courier to the laboratory.

The minimum information that should be included on the Chain of Custody form is as follows (refer to AS
4482.1-1997 for further information):
: name of person transferring the samples,
name of person receiving samples (e.g. laboratory staff);
time and date the samples were taken;
time and date the samples are received (e.g. at the laboratory);
condition of samples (e.g. chilled or ambient temperature);
name and contact details of the client;
anaytes to be determined;
the set of samples that are to be composited for andys's, and dong with compositing method (further
information on compositing is provided Section 2.5.2 of this guideline);
detalls of the sample matrix;
the required sample detection limits;
other specific indructions in the handling of the samples during the analyss (eg. specid safety
precautions, andysis of both solid and liquid phase of dudge/sediment samples, natification of heavy
contamination to minimise laboratory saff contact with samples and to ensure andys's equipment is
appropriately calibrated.

3.4 DATA REVIEW

Following receipt of field and/or laboratory data, a detailled review of the data should be completed to
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determine its accuracy and vdidity, prior to any decisons being made based on it. The data should be
checked againgt the DQOs specified in the SAP (refer to Section 2.2) to ensure that these objectives and
the objectives of the overdl program have been met. Where inconsstencies are identified, then further
investigations and/or remediation may be warranted.

Laboratory data should be checked for any andytical errors, such as contamination identified in rinsate,
transport and laboratory blanks, which may indicate cross-contamination of samples. Andyticd data
should be reviewed againg field data and field observations to identify any spurious results inconsistent with
fidd findings. Whereincondgstencies are identified, re-sampling or re-andlysis may be required.
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4. SOIL SAMPLING DESIGN

Summary
Soil samples can be collected during PSIs, DSIs, remediation progress evaluations and
remediation, validation and ongoing management.
Sampling locations should be deter mined so asto provide an accur ate representation of the
lateral and vertical extent of contamination across a site.
Where possible, control points should be identified to act as reference pointsin determining
the levels of contamination againgt ‘background’ concentrations. Several locations for
control points may be required.

4.1 INTRODUCTION AND OBJECTIVES

Contaminated soil can arise from a number of sources, including accidental spillage of chemicas, leaching
of contaminants from poorly managed landfills and leskage of chemicas from drums, tanks, pipe-work and
drains.

Contaminated soils can potentialy pose a threat to the environment through contributing to groundwater
contamindtion via the leaching of contaminants through the soil profile and through uptake by plants.

Contaminated Sites can aso potentiadly pose a threat to human hedlth through the release of hazardous
dusts and vapours during any reworking of the soils (such as during redevelopment of a site), through direct
contact with the skin, and viaingestion.

Soil invedtigations generdly comprise the ingdlation of soil investigation bores using hand or power driven
drilling/excavation equipment to enable the collection of soil samples representative of the soil profile. The
s0il samples can then be examined and analysed to determine whether adverse impacts have resulted.

Soil sampling at a Site can be conducted as part of:
PSIsto determineif further investigations are necessary;
DSls (sometimes staged);
Site Management Plan, for example, remediation progress evauations, and
Remediation, vaidation and ongoing management.

For any of these, a SAP with multiple stages may be required, especidly for large and/or complex sSites.

Once andyticd results have been received, determination of the level of contamination should be made via
comparison of results againg site-gpecific investigation and response levels, or againgt the DEP assessment
levels as presented in the Assessment Levels for Soil, Sediment and Water (DEP, 2001) guiddine.

4.2 SOIL SAMPLING LOCATIONS

4.2.1 Pattern Types
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The determination of soil sample locations is dependent upon the characteristics of the dte and the
contaminants of concern. Soil sampling locations may be based an knowledge of the sSte (judgementa
sampllng) or may be determined by a set pattern such as.

systematic sampling (grid pattern);

dratified sampling (sampling of sub aress);

random sampling;

dratified random sampling (random sampling within sub areas); and

composite sampling (refer to section 2.5.2 of this document).

Further information on these pattern typesiis provided in Appendix A and AS4482.1-1997.

For all sampling programs, justification for the sample locations chosen must be documented and
reported to enable assessment of the results based on the location of sampling points. Where
justification _is _not consdered acceptable, particularly where limited sampling has been

completed, the DEP may return the report without assessment.

As a general rle, where detaled information is available for the dte in terms of physicd characterigtics,
potentia contaminants and potentia sources of contamination, judgementd or dratified sampling can be
goplied. For example, some dtes, such as former gas works, have a well-defined process layout of
operations and the digtribution of contaminants generdly relates well to the industrid processes involved
and dso ther paticular location on the ste. Where little or no information is avaladle on potential
contamination sources a a Ste, such as former landfill Stes, then a sysematic (grid) pattern of sampling
may be more appropriate.

Sampling types may be combined such as a grid pattern with some judgemental sampling at locations
where more informetion is avallable,

It is recommended that, where possible, control points be identified to act as a reference point in
determining the levels of contamination againg ‘ background’ concentrations.

It should be emphasised that one of the goals of a SAP is to produce data which isan accurate
representation of the in situ contamination at a dte, therefore a sampling pattern should be
applied so as to produce adequate information on the type, location and extent of any
contamination.

4.2.2 Number of Samples

In determining the number of samplesto be collected, the following should be consdered:
findings of the PS;
SAP objectives,
sze of the Site, and fina subdivided stes (if the Ste is to be subdivided);
sampling pattern applied;
depth of investigations (i.e. metre intervals, lithologica changes);
the number of stages of sampling considered feasible; and
potentia remediation and management options for the Ste.
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4221 Hot Spot Detection

When hot spots (areas of contamination/elevated concentration of contaminants) of a specific Sze need to
be detected, the number of sampling points can be determined by the procedures outlined in Appendix B —
Number of Sample Locations Required for Hot Spot Detection.

Appendix C — Minimum Sampling Points Required for Site Characterisation Based on Circular Hot Spots
Using Systematic Sampling Pettern, should be used as a lagt resort, and provides the minimum number of
samples required for Ste characterisation based on detection of circular hot spots using a systematic

sampling pettern.

Appendix C should only be used where no information on the nature and extent of contamination is
avalable or where broad-scae contamination may be present (eg. market gardenglandfills). Sample
locations should preferably be based on site-specific information in relation to geology/hydrogeology, Site
operations and layout, contaminant characteristics and migration pathways.

Where the minimum number of samples is collected (in accordance with Appendix C), judification is
required as to why more extensive sampling was not undertaken

The number of samples collected and the choice of sampling locations need to be justified.
Where judification is not consdered acceptable, the DEP may return the report without
assessment.

The number of samples collected should be:
adequate enough to indicate the laterd and vertical extent of contamination; and
capable of detecting a ‘reasonable’ Size hot pot in comparison to the size of the Ste. * Reasonable
Sze should be taken to mean the largest area of contamination that could be dedt with if it were not
identified during the investigation, but discovered only after development work on the ste had
Started.

Hot spots can sometimes be identified using field monitoring techniques other than direct soil sampling.
Soil-vapour andysis (e.g. active: PID for volatile hydrocarbons, and passive: sorbents for contaminants of
low volatility) and geophysica techniques (for locating drums containing chemicas, unexploded ordnance,
etc.) are two such techniques. Where instruments are used to detect hot spots, dl equipment should be
caibrated to ensure accuracy of readings. In addition, soil samples will be required to verify the results of
the screening ingtruments.
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It isnot acceptable that sampling programs contain the minimum number of sampling pointsto be
able to ‘comply’ with this guideline. Sampling locations should always be chosen based upon
knowledge of the dite, contaminants and migration pathways. Choice of sampling points should
be based upon site knowledge, professonal judgement and where applicable, statistical analysis.

Detailed justification of the number and locations of sampling points should be provided in
relation to the dte layout, areas of potential contamination, contaminant migration
characteristics, site geology/hydr ogeology, €tc.

The sample numbers presented in Appendix C should only beused asalast resort, wherelittle or
no information is available upon which to deter mine sampling locations, or whereit is anticipated
that broad scale contamination has occurred, such as market gar dens, landfills etc.

4.2.3 Sampling Depth

In order to determine the vertical extent of contamination, soil samples should be collected from
mor e than one depth at each sampling location.

Where contamination is identified, the maximum depth (where practicable) to which that
contamination extends should be deter mined.

Where s0il contamination extends to the water table, samples of both the soil within the saturated zone and
groundwater should be collected (refer to Section 6 for design of groundwater sampling programs) in order
to delineate the concentration of contaminants present in both the soil and groundwater. Where soil
samples are collected from the saturated zone they should be clearly identified as such in any reports and
documentation.

The determination of soil sampling depths should take into consideration:
. findings of the PS;
SAP objectives,
known or potentia sources of contamination (e.g. surface spillage or UST(s) and pipdines);
depth to groundwater;
nature of aguifers benegth Site;
underlying naturd soil/geology (well defined layers or infrastructure trenches/corridors present that
would influence contaminant migretion);
presence of fill horizons on-gte;
type and nature of contaminants (mobility, persstence);
length of time contaminants have been, or may have been, present at a site (which will have a bearing
on the laterdl and vertical disperson of contaminants, such as smearing of profiles within a saturated
zone, formation of a groundwater contaminant plume, etc.);
field observations and identification of contaminated soil (Staining, odours); and
human hedlth and ecologica risks.
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Where groundwater is encountered, drilling should continue to a sufficient depth below the static water
level, or to a depth where no impact is suspected based on observation and field headspace screening
(where applicable).

It may be necessary to increase the depth interva if the volume of soil recovered isinsufficient to undertake
the required andysis (often the case where duplicate samples are required). Thiswill be directly dependent
on the sampling method utilised.

4.2.4 Field Rankings and Headspace Analysis

Boreholes should be geologicaly logged by a competent professond (reference can be made to ASNZS
4452.1:1997 The Sorage and Handling of Toxic Substances (ASNZS 4452:1997) and AS 1726-
1993 Geotechnical Ste Investigations (AS 1726-1993) for the unified classfication sysem for soils),
and field classfied based on visua and olfactory examination. The soil description should include soil type,
consstency, colour, structure, grain Size, shape, sorting, particle type and cementation (carbonate soils
only), moisture and origin.

Any obvious odours should be recorded, however direct smelling of any samples should be avoided.

Where the contaminants of concern are volatile organic compounds (VOCs), headspace screening may be
a usful fidd-screening tool. Headspace screening should be undertaken using a PID, flame ionisation
detector (FID) or other gppropriate insrument. Information on the capabilities and limitations of these
indruments is presented in AS 4482.2-1999. Where possible, al instruments should be calibrated on-site.
Cadlibration documentation should be incorporated into any reports produced.

The ambient air and soil at background locations adjacent to the site should aso be screened.  All
background concentration results should be fully documented and incorporated into any reports produced.

A number of factors affect the relationship between the overal concentration of a given contaminant in the
soil and its concentration in the vapour phase. These include soil porosity, soil water content, organic
carbon content, soil temperature and wesethering of the contaminant. Hence the compaosition of volatile
substances in the vapour phase may not accurately reflect their occurrence in soils. In addition, instruments
used to obtain headspace results are not designed or capable of detecting individua volatile contaminants
that may be present a a Ste. Sample analyss results are therefore required to confirm any field
observations and field tedts.

4.2.5 Sampling from Stockpiles and Clean Fill

Sampling from stockpiled materid to be taken to landfill should be conducted according to the Guidelines
for Acceptance of Solid Waste to Landfill (DEP, 2001), which provide guidance on the number of
samples to be collected depending on the volume of materid.

Cleanfill that is to be imported onto the site should be aso sampled in accordance with the Guidelines for
Acceptance of Solid Waste to Landfill (DEP, 2001). The fill should be assessed against Ecologicdl
Investigation Levels (EILS) as per the Assessment Levels for Soil, Sediment and Water (DEP, 2001)
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unless it can be demondrated that the materid is from a clean source (e.g. borrow pit, quarry) via a
|etter/certificate from the source.

4.3 SAMPLING OF SOILS IN VICINITY OF USTS

When investigating a Ste containing USTSs, the soil investigation program should initidly concentrate on:
locations sdlected on the basis of the infrastructure on the ste, such as USTs and associated
infrastructure, bowsers and oil/water interceptor traps, and
aress of known spillage and/or |eskage.

If the details of infrastructure on the dSte are not available it may be necessary to establish a grid of soil
Investigation locations over the Site.

4.3.1 Factors to be Considered for Soil Sampling for the Investigation of USTs

43.1.1 Sample Location

Where aUST remains on-Ste, the following should be considered:

: samples should be collected from as close to the UST asisfeasble;
where secondary containment is present, samples should be collected from the fill materia within the
secondary containment to provide an indication of any leakage from the UST;
where contamination is identified within the secondary containment, further sampling outside the
secondary containment is required to confirm whether there has been leakage of contaminants from
the secondary containment to the naturd oils;
where the UST is surrounded by fill materid, the fill may comprise soils which are more susceptible
to through-flow than the naturd soils, therefore the contamination concentrations within the fill
material may be lower than in the surrounding naturd soils. It is therefore important to sample both
the fill materid and the naturd soils;
the proximity of the soil sampling location may be affected by the presence of pipe-work or by a
concrete anchor over the top of the UST, especialy in areas of shalow groundwaeter.

Where a UST has been removed, samples should be collected from immediately benesth and immediately
surrounding the area where the UST was |ocated.

It should be noted that it is not sufficient to determine the extent of adversdy affected soils on the basis of
Ste observations and field measurements. Laboratory andlysis of soil samplesis required for verification.

All ste bore logs and field observations should be provided to the DEP as part of any investigation report.
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4.3.2 Soil Sampling for the Investigation of UST Associated Infrastructure

Soil samples to determine whether the infrastructure associated with the UST(s), such as bowsers and
pipe-work, have had adverse impacts may initidly be limited to sampling from immediately below the
potentia contaminant source.

If fill meteria is located beneath the infrastructure it is recommended thet the fill materid is removed and
that asample is collected from the natural soil profile. Where contamination extends below, then additional
investigations are required to determine the maximum depth of contamination.

Typicad UST infragtructure and groundwater monitoring bore locations are provided in Appendix D.
4.3.3 Sample Depth for Sites Incorporating USTs

Thefollowmg should be consdered when determining the depth of sampling in the vicinity of USTs:
samples should be collected from a depth greater than the base of the UST(s) and associated
infrastructure to ensure that the condition of the soil below the UST(s) and infrastructure is
established.
if contamination is detected during drilling, the soil investigation bore should be continued to a
sufficient depth below the base of the contamination or until groundwater is intersected.
thesampllng depth will vary on the basis of:

information on the UST congruction and ingalation obtained during the PSl;

- verticad digtribution of contaminated soils encountered during drilling;

- depth to groundwater;

- nature of aquifers beneath the site;

- underlying natural soil/geology (e.g. well defined layers or infrastructure trenches/corridors that
would influence contaminant migration);

- presence of fill horizons on-gite;

- nature of contaminants (i.e. if dealing with volatile contaminants such as light fraction petroleum
hydrocarbons or chlorinated solvents, the vapour transport from depth through a shdlow soil
zone may pose a hedth risk);

- field observations and identification of contaminated soil (e.g. taining and odours); and

- human hedlth and ecologicd risks.

it is recommended that soil sampling be extended to a sufficient depth below the tatic water level or

to a depth where no impact is suspected based on observations and field headspace screening

(where appropriate), whichever is degper, when there are:

- indications of sgnificant seasond fluctuations in the depth of the groundwater table;

- the UST has contained dense non-aqueous phase liquids (DNAPL ) (eg. solvents);

- where there is a history of dewatering; and

- USTs that may have been present at the Site and have been removed, but may not have been
investigated.

where soils samples are collected from below the watertable, groundwater samples should aso be

collected a that location in order to ddineste the extent of contamination in the soil and the

groundwater, and these samples should be clearly identified as such in any field documentation and
reports.
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It should be noted that even where no contaminated soils are detected surrounding the UST(9), the
possibility for alegk from the UST(s) or the associated infragtructure remains. The presence of preferentia
pathways beneath a tank or the associated infrastructure means that significant impacts to underlying ol
and groundwater agquifers may have occurred even though no adversely affected materias were detected
by the soil investigation program. Soil and/or soil gas sampling should therefore be undertaken at other
locations around the Site such as Site boundaries, drainage channd s, infrastructure trenches, etc.

TABLE 3. SUMMARY OF MINIMUM SOIL SAMPLING REQUIREMENTS FOR SITES
CONTAINING, OR PREVIOUSLY CONTAINING UST(s)
LOCATION MINIMUM NO. OF ACTION
SAMPLESFOR
LABORATORY ANALYSIS

UST (insitu) | Two per tank (from separate | Samples should be collected from as close to the tank as is

(natural and | locations). feasible and should extend to a depth below the base of the

fill material tank.

where Where secondary containment is present, samples should be
relevant) collected from inside the containment. Where contamination is
identified within the secondary containment, then samples from
the material outside the containment are also required.
Where fill material & present around the UST/infrastructure,
samples should be collected from both the fill material and the
surrounding natural soils.

UST Rt Five per pit plusthreefor One sample required from the base and one from each wall of
each additional UST inthe the tank pit (following the removal of backfill material). Samples
same pit. should extend into natural soils.

Bowsers One (where natural soils) One sample required from any fill material beneath the fuel lines
Two (wherefill material and | and one sample representative of the surrounding natural soils.
natural soils).

Fuel Lines One (where natural soils) One sample required from any fill material beneath the fuel lines
Two (wherefill material and | and one sample representative of the surrounding natural soils.
natural soils).

Imported fill | As per stockpile sampling Where fill is imported onto a site it should be ‘clean fill’
requirements presented in comprising undisturbed, natural materials. Wherefill other than
the Guidelines for clean fill is used, samples of the fill material should be sampled
Acceptance of Solid Waste to ensure that the fill material would not result in
to Landfill (DEP, 2001). recontamination of the site and meet EILs.

Stockpiled As per stockpile sampling Samples should be as representative as possible and should

Materia (for | requirements presented in not be collected from the surface of the stockpile (composite

disposal to | the Guidelinesfor samples should not be collected when investigating volatiles or

landfill) Acceptance of Solid Waste semi-volatiles).
to Landfill (DEP, 2001).
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5. SEDIMENT SAMPLING DESIGN

Summary
When undertaking sediment sampling, control points should be identified to act as a
reference point in determining the levels of contamination against ‘background’.
Where contaminated sediments are located along a stream or riverbed, the depth and
downstream extent of contamination should be identified.
Where contaminated sediments are located in a marine environment, the number of
samples and location of sampling is dependent upon the geographic nature of the site and
the proximity of the site to pollution sour ces.
Following remediation of contaminated sediments, ongoing monitoring may be required to
ensurethat re-contamination of the sedimentsisnot occurring.

5.1 [INTRODUCTION AND OBJECTIVES

Contaminated sediments are soils, sand, organic matter, or mineras that accumulate on the bottom of a
water body and contain toxic or hazardous materids that may adversdy affect human hedth or the
environment. Sediments may represent either a source or a Snk of dissolved contaminants, influence
surface water quality, and/or represent a source of bio-available contaminants to benthic biota (and hence
potentidly to the aguatic food chain). Contaminated sediments can therefore degrade ecologica integrity,
and pose athreat to human health when pollutants bio-accumulate in edible aguatic organisms.

Sampllng of sediments as part of contaminated Ste assessment/remediation is required where:
wetlands/rivers/streams form part of, or are located in the vicinity of, a contaminated Ste;
acontaminated Site is an aguatic environment such as a harbour, estuary, river bed, etc.;
sediment is required to be dredged as pat of port/harbour construction/expanson works or
development in ariverine or marine environment.

The assessment of sediments at a contaminated Site should:
identify where contaminant concentrations are likey to result in adverse impacts on sediment
ecologicd hedth;
enable a decison to be made about the potentid remobilisation of contaminants into the water
column and/or into aquatic food chains, and
identify and enable protection of uncontaminated sediments.

In addition to the sampling of sediments, pore waters within the sediments are dso a source of
contamination and should therefore be cong dered when assessing the contamination status of sediments.

Further detailed information on the assessment of sediment qudity is provided in the Draft Australian and
New Zealand Guidelines for Fresh and Marine Water Quality (ANZECC/ARMCANZ, 2000).
Where sediments are being assessed for dredging and ocean disposal, then reference should be made to
the Interim Ocean Disposal Guidelines (ANZECC 1998). It is recommended that these documents be
referred to where sampling of sediments at a Ste is required, and that expert advice be sought from
competent professionas to ensure that the correct methodol ogies are employed.
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Once andytica results have been received, identification of the severity of contamination should be made
via comparison of Ste-specific investigation and response levels, or againg the DEP adopted assessment
levels as presented in the Assessment Levels for Soil, Sediment and Water (DEP, 2001) guiddine.

5.2 SEDIMENT SAMPLING LOCATIONS

5.2.1 PatternTypes

When determining a sampling pattern the following should be taken into consideration:
: findings of the PS;

objectives of the SAP,

current and historical usage of the Site;

known and potential contaminants (and their distribution);

neture of contaminants;

beneficid uses of the Site and adjacent Sites;

potential/proposed site use(s);

climatologica conditions,

- tiddl influence (may inhibit ongoing access to the sampling location); and

- seasond variability of temperature, wind direction and wind force (e.g. wave movements may
restrict sampling location access, storm conditions may disturb sediments to be sampled);

hydrographlcd conditions,
mobility of sediments (dynamic zones can rexult in sediment mobilisstion enhancing
contaminant release, and sediment deposition and sorting of grain Szes);

- tidal areas (e.g. variations in water depth, current speeds and directions);

- rivers (e.g. flow rates, geophysical condition of bed aressi.e. riffles versus pools);

- gtanding bodies (eg. lakes and harbour areas may have negligible current to cause sediment
disturbance);

- sediment conditions (e.g. nature and compostion of sediment layer, sorting of sediments,
sediment depth);

- influence of stream mixing; and

- mixing through the profile from wave action;

nautical conditions (the influence of marine traffic (e.g. Some sample points may need to be avoided

dueto traffic));

sampling condraints;

- physica condtraints (e.g. boat Sze, water depth); and

- safety of sample collection (e.g. presence of soft mud, quicksand, deep holes, swift currents
and dangerous marinellife);

contaminant characterigtics,

- solubility, dengity, persstence and type of contaminants; and

- proximity of sampling location to outfalls and sources of contamination;

ecologica consderations,

- plant growth (e.g. disturbance of plant growth and restrictions on access to plant growth (algee
on surface of water body, and riverbank vegetation)); and
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- possible impacts on aquatic organisms (e.g. disperson of contaminated sediments, disturbance
of breeding grounds (timing of site access)); and
potentid risks to human hedlth and the environment.

As with soils, where detailed information is available for the dte in terms of physcd characterigtics,
potential contaminants and potential sources of contamination, then judgemental sampling can be used to
investigate contamination. Where there is little or no data in relaion to the potentid contamination of the
gte, then a systematic (grid) sampling pattern should be adopted. Sampling types may be combined such
as a systematic (grid) pattern, with judgemental sampling & locations where more information is available.
Refer to Appendix A for further information on various sampling patterns.

It is emphasised that a goal of a SAP isto produce data which is an accurate representation of
the in_situ _contamination at a dite; therefore a sampling pattern should be applied so as to
produce adequate infor mation on the type, location and extent of any contamination.

Where large sStes are being assessed, such as bays, harbours and marinas, where little information on

contamination is available, it is recommended that:

: the Site be divided into sub-areas and then random samples collected from within each block. Sub-
area Sze can be vaied to increase sampling dendty in locations with grestest probability of high
contamination levels, and areas can be large if evidence indicates contaminant concentrations are
unlikely to vary much acrossthe site; or
apilot study should be completed comprising 10-20% of the locations anticipated for the full-scale
sudy. Pilot samples should be andysed for the full range of chemical parameters anticipated to be
present.

5.2.2 Sampling Depth

Determination of the depth of sampling should take into consideration:
. findings of the PS;

objectives of the SAP;

Site history and possible depth of contamination through deposition;

sediment geology (neturd confining layers, preferentia pathways);

nature of contaminants (mobility, persstence);

known or assumed maximum depth of contamination;

field observations and idertification of contamination (e.g. Sained sediments);

diffuse or point source contamination sources (diffuse contamination within a harbour, or point

source contamination at depth from a pipe discharge);

potentia for mixing down the sediment profile; and

human hedlth and ecologica risks.
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5.2.3 Number of Samples

Determination of the number of samples to be collected should take into consideration:
. findings of the PS;

SAP objectives,

Sze of the areato be sampled;

sampling pattern gpplied;

nature, complexity and distribution of known contaminants;

sediment lithology and varidhility;

potentia remediation and management options, and

amdl-scde variability in contaminant concentration.

Control points should be set up/identified to act as a reference point in determining the levels of
contamination againgt ‘ background'.

5.23.1 Inland Sediments

As with soil sampling programs, the number of samples is dependent upon the Ste higtory, distribution of
contaminant sources and migration pathways of contamination. \Where contaminated sediments are located
aong a stream or riverbed, the depth and downstream extent of contamination should be identified. Where
water flow may have caried contamination downstream, samples should be collected progressvely
downstream, at regular intervals, from the contamination source and in areas where sediments are likely to
tle (e.g. degp pools) until the extent of contamination is determined.

5.2.3.2 Marine Sediments

Where sampling of marine sediments is being undertaken such as in a harbour, maring, port or estuary, the
number of sampleswill be dependent upon the geography of the sampling location:
where sediments are located at a Ste which is rdaively uniform (eg. in the centre of a large, flat-
bottomed or gently doping bay) and the ste is distant from pollution sources (e.g. the centre of a
large bay), then a minimum number of samples can be collected to adequately characterise the
contamination status, whereaes
where sediments are near the shore in a geographicaly complex embayment, with significant changes
in depth, shoreline configuration and many potential pollution point sources (e.g. Cockburn Sound),
then alarger number of sampleswill be required.

Judtification as to the number of samples required must be documented and incor porated into
any reports. Where judtification is not considered acceptable, the DEP may return the report
without assessment.

5.2.4 Frequency of Sampling

There is often some form of mobility of sediments, and therefore more than one sampling event may be
required to build up a picture of tempord changes in sediment qudity. Determinaion of sampling
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frequency should take into consideration:
objectives of the SAP;
seasond and diurnd changesin sediments due to tidd influences, etc.;
sediment geology and dtraification; and
characterigtics of particular contaminants (e.g. mobility, partitioning, €tc.).

Following remediation of contaminated sediments, ongoing monitoring may be required to ensure
that re-contamination of the sediments in the area is not occurring (e.g. through contaminated
water flowing over the site, or discharges from unknown or remote contamination sour ces).
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6. GROUNDWATER SAMPLING DESIGN

Summary
Assessment of groundwater is reguired during contaminated Site investigations unless it
can_be demonstrated to the DEP that there is no potential for groundwater to be
contaminated.
A minimum of three groundwater monitoring bores should be installed on a site to enable
triangulation of water levels and provide an indication of groundwater flow direction
beneath the site.
A SAP should include the location, depth, construction, sampling details (methodologies and
frequency) and analytical methodsfor groundwater monitoring at a Ste.
The construction of groundwater monitoring bores should take into account the nature and
characteristics of the contaminants of concern and the local geology.
Accurate monitoring bore ingallation is required to ensure that contamination is not
disper sed through breaching of aquitardsinto adjacent aquifers.
The use of existing monitoring boresor boreholesshould not be considered unlessthey can
be shown to be suitable for the purpose of the sampling program (e.g. bore construction
within correct aquifer, adequate construction, suitable sampling points, etc.).

6.1 INTRODUCTION AND OBJECTIVES

Due to the often shalow and vulnerable nature of groundwater resources in Western Audtrdia, the potentia
for groundwater impact should be determined for each ste. Where groundwater is identified as being
present a a Ste, particularly at shadlow depths, it may provide a pathway for migration of contamination
both within and across site boundaries.

Groundwater investigations are required at a sSite unless it can be demonstrated to the
satisfaction of the DEP that thereisno potential for groundwater at the site to be contaminated.

Groundweter investigations generaly comprise the indalation of monitoring boresto obtain informeation on
the depth to groundwater benesth the dte, determine groundwater flow direction and facilitate the
collection of samples which reflect the spatid and tempora variaion of the chemica compostion of
groundwater at the dte.

Generdly a minimum of three monitoring bores should be intdled on a Ste to engble triangulation of water
levels. This provides information on groundwater flow direction beneeth the ste. Normdly, however, it is
advisable to define the watertable surface in more detall, asthis can be locdly complex. It is recommended
that specidist hydrogeologica advice be sought in the sdection of the most appropriate sampling locations.
Table 4 provides asummary of the minimum requirements for groundwater sampling.

Grab samples of groundwater collected from the base of test pits or excavations are not acceptable due to
the possibility of dteration of the sample by ambient conditions (e.g. temperature, oxygenation, ultraviolet
light and presence of dust and particles).
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Prior to ingdling groundwater monitoring bores at a site, any exigting bores on, or in the immediate vicinity
of, the Ste should be identified to assst in determining the beneficiad use of groundwater in the vicinity of the
dte (eg. public supply abstraction wells, domestic irrigation or other monitoring bores). The beneficid use
of groundwater and/or bore locations may need to be determined by a door-knock survey of surrounding
properties/residences.

The use of existing bores for sampling points should not be consider ed unless they can be shown
to be suitable for the purpose of the sampling program (i.e. that they are constructed so as to
inter cept the contaminants of concern).

Where UST(s) and associated infrastructure have been ingalled according to the Audrdian Inditute of
Petroleum (AIP) Codes of Practice CP-4-1001 The Design, Installation and Operation of
Underground Petroleum Storage Systemsand Austrdian Standards, monitoring bores may dready have
been inddled & the Ste and can be used as an initid indication of contamination.

Enquiries regarding groundwater can be made to the WRC. The WRC maintains a database of
groundwater bores throughout the state. However, this information is often limited in coverage and the
integrity of the data cannot be guaranteed. The Perth Groundwater Atlas (WRC, 1997)* provides some
indication of the depth and flow direction of the locd groundwater aquifer in the Perth area It is
recommended that this publication be used as a quide only, as the information is heavily based on regiond
groundwater bore data, and is not appropriate, or intended to be used, for dte-gpecific contamination
investigations. When determining whether groundwater sampling and analysis is required, the following
should be taken into consideration:

findings of the PS;

objectives of the SAP,

on-gte and off-Site sources of contamination

permegbility of the Srata on the Site;

known or expected depth to the local groundwaeter;

groundwater flow direction and discharge location;

ambient groundwater chemidry;

where s0il contamination indicates the potentia for groundwater contamination;

quantity of contaminant and its mobility characterigics (perastence, solubility, densty, stability,

partitioning characteristics);

soil structures which indicate possible conduits;

potentia receptors (abstraction bores e.g. drinking water supply, domestic irrigation and the aguetic

environment - freshwater or marine); and

whether the dte is located within a wetland Environmenta Management Area, Underground Water

Pollution Control Area (UWPCA), or Public Drinking Water Source Area (PDWSA).

Once analyticd results have been received, identification of the severity of contamination should be made
via comparison to Ste-specific investigation and response levels, or againg the DEP adopted assessment
levels as presented in the Assessment Levels for Soil, Sediment and Water (DEP, 2001) guiddine.

! The updated version of the Perth Groundwater Atlas (WRC, 1997) and the Hydrogeological Atlas of Western
Australia is available on the Water and Rivers Commission (WRC) website, www.wrc.wa.gov.au.
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6.2 GROUNDWATER SAMPLING PROGRAM

6.2.1 Factorsto be Considered

The objectives of a groundwater SAP should generdly be to determine:

the source of contamination (may have been determined by soil sampling program);

piezometric (water table) contours and loca direction(s) of groundwater flow;

nature and severity of groundwater contamination;

verticd and latera extent of contamination;

potentia impacts of groundwater contamination on each of the exiging, likely future, and possible
uses of groundwater; and

the discharge location for groundwater.

Determination of groundwater sampling locations should take into congderation:

6.3

findings of the PSI;

objectives of the SAP;

depth to groundwater (and seasond variations in depth);

characteristics of the aquifer/saturated zone that is being sampled (unconfined or confined aquifer
type, verticd and horizonta in-homogeneities, etc.);

hydraulic gradient;

direction of groundwater flow (and seasond variations in flow direction - net flow versus seasond
flow);

presence of any groundwater bores at, or in the vicinity, of the ste (monitoring bores, extraction
bores);

expected contaminant migration pathways,

potentia risks to uncontaminated aguifers and/or surface water resources, and

rsk to human hedth or the environment (through disturbance of contamination, extraction of
contaminated water).

INSTALLATION OF GROUNDWATER MONITORING BORES

Drilling, congruction and development of bores can affect groundwater sample qudity through the
introduction of physica or chemica effects or unwanted residues.

The key factors that need to be consdered for the ingtdlation of groundwater monitoring bores are listed
below. For further information reference can be made to Water Qudity Protection Note Monitoring
Bores (Sotted Casing) (WRC, 1999).

6.3.1 Selection of Bore Locations

The location of the monitoring bores should be selected so asto:

be beneath or immediately down-gradient of the most likely source of contamination (UST, fud lines,
bowsers, spill locations, drum storage aress, €tc.);

provide information on the background water qudity a the site (up-hydraulic gradient boundary);
and
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provide information on the qudity of the groundwater leaving the ste (down-hydraulic gradient
boundary).

Table 4 provides a summary of minimum groundweter sampling requirements.

TABLE 4. SUMMARY OF MINIMUM GROUNDWATER SAMPLING REQUIREMENTS

LOCATION MINIMUM NUMBER OF ACTION
BORES
Beneath or immediately One per contaminant source.
down-gradient of any Further bores may be required to

Soil samples should be collected, logged and
analysed during the installation of the
groundwater monitoring bores. The

contamination sources. determine the lateral extent of
contamination if identified.

Site Boundary — One per site* . .

. construction of the bores, particularly the
hydrfe\uhcally down- F urther bores.may n to. be location of the screened interval, is dependent
gradient. installed off-site to determine the

on the hydrogeological properties of the site
and the contaminants of concern
(DNAPLSLNAPLS, €tc.).

extent of any contamination
migrating off-site.

Site Boundary — One per site*.

hydraulically up-gradient.
* A minimum of three groundwater monitoring bores per site is required to enable the local groundwater flow direction to be determined.

6.3.1.1 Investigation of Diffuse Groundwater Contamination

Sampling of diffuse source groundwater contamination should take into account the groundwater flow-field
and landuse didribution variability. The impact of regiond diffuse sources tends to increase the average
concentrations of contaminants within an impacted flow fidd in comparison to contaminant concentrations
up-hydraulic gradient.  When investigating diffuse groundweter contamination, the following should be
consdered:
in the case of known groundwater contamination, purpose-drilled bores should be completed and
screened over different depth intervas of the aquifer depending on the likely migration pathways of
the contaminants (e.g. contaminant dengty and estimated hydrogeologica parameters);
the use of existing sampling points (e.g. abstraction/pumping bores) can provide integrated samples
from alarge volume of the aquifer. However, where there is low-intensity pollution, this may not be
appropriate due to potentidly diluting contamination levels, and in these drcumstances smdler-
capacity bores should be used;
sampling bores should be located throughout the area of interest. The Stes should be chosen to
represent the different hydrogeological and landuse conditions, and areas considered to be
particularly vulnerable to diffuse pollution; and
sampling bores should be located up-hydraulic gradient and down-hydraulic gradient of any
identified contamination to obtain information on the extent of contamination. A minimum of three
bores should be congtructed at a Site to determine groundwater flow direction.

6.3.1.2 Investigation of Point-Source Groundwater Contamination

When specifying sampling points to monitor point-source pollution (e.g. from alarge chemica spill location
or lesking tank), it is necessary to consider the location of the point source in relation to both the regiona
and seasond groundwater flow direction(s). Where practical, sampling bores should be indaled at the
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following locations.

- directly beneath the pollution source;
progressively a distances down-hydraulic gradient from the contaminant source, and perpendicular
to the groundwater flow direction, a a range of depth intervals based on contaminant density and
estimated hydrogeologicd parameters; and
up- hydraulic gradient from the source of contamination, S0 the ared extent of the pollution plume can
be identified. These bores may dso provide information on the background groundwater quality.

Where groundwater contamination is identified, the extent of contamination should be determined in order
to identify:
. if the contamination is migrating off-gte and impacting adjacent properties (i.e. bores a ste
boundary, bores at down-gradient off-gte locations);
if contamination is migrating on-dte from up-gradient sources (i.e. bores a up-gradient Ste
boundary); and
whether contaminants are a concentrations high enough to warrant active remediation.

6.3.2 Dirilling

A drilling technique should be chosen which is the least disruptive to the zone to be monitored as it is
preferable that the physical conditions of the aquifer are maintained as close to pre-drilling as possble.

Drilling techniques can cause smearing (e.g. rotary auger) and compaction (e.g. cable tool) of borehole
walls and may cause trangport of geologica formation materials and drilling fluids into different zones. This
can result in groundwater and contaminant pathway blockage, thereby excluding contamination from the
monitored materid.

It is essentid that hydrogeologica conditions be researched prior to drilling to minimise the risk of
penetrating aquitards that can result in further vertica digpersion of contaminants,

Where monitoring bores are required to be drilled through a contaminated upper zone into a potentially
uncontaminated lower zone, isolation casing must be ingdled in the contaminated zone, and the aquitards
seded (reindated) to prevent migration of contamination between zones during drilling. A qudified and
experienced driller must complete these works under the direction of a competent professiona, using
correct congtruction materias.

A competent professiona should log the bores (reference can be made to ASINZS 4452.1997 and AS
1726-1993 for the unified classfication sysem for soils). Geologicad data collected during drilling and
sampling activities should enable the determination of the specific method of groundwater sample collection
and completion intervas for the ingtdlation of monitoring bores.

6.3.2.1 Drilling Fluids

Drilling fluids are used during the drilling process to remove cuttings from the borehole, to clean and cool
the bit, to reduce friction between the drill string and the sides of the borehole, and to hold the borehole
open during the drilling operation.
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Drilling fluids used include air, water and specific drilling mud formulations or native clay durries. They can
have arange of effects on groundwater qudlity:
ar may cause oxidation and precipitation of analytes of interest, such as dissolved metds or, if
contaminated with lubricants necessary for compressor operation, may introduce hydrocarbons into
groundwater;
ar may aso cause severe disturbance of hydrochemica profilesin highly permesble formations,
water may dilute or flush groundwater near the bore, changing the chemistry of the groundwater;
water may dso cause precipitation of minerds, thereby blocking contaminant and groundwater
pathways (i.e. pores and fractures);
mud may enter the formation and sed preferentid groundwater pathways, or clay particles within
mud may absorb some eectricaly charged contaminants (e.g. dissolved metds); and
the use of additives in mud (eg. surfactants and drilling detergents) to overcome drilling difficulties
increases the potentid for introduction of physica and chemical changes.

Since these effects are frequently permanent, it is important to record the drilling method, the fluids used
and details of bore development before sampling.

6.3.3 Bore Construction

6.3.3.1 Casing and Screening

The congtruction of groundwater bores is dependent upon the contaminants of concern.

Casing and screen materids should be chemicdly compatible with the contaminants of concern and the
immediate groundwater environment. If incompatible, either leaching or sorption of andytes may result,
while desorption of analytes may occur should weter qudity change. Diffusion of organics may aso occur
through polymeric casng materias.

In extreme cases, acidic environments may cause corroson of metad casing while solvents may dissolve
PVC cadngs. This may cause immediate effects on water qudity in the bore and the potential for water
from different depths to migrate dong the borehole.

Casing and screen materials should be washed on-site with an organic based detergent or obtained washed
and seded. If casing joints are ingppropriately congtructed, they may cause leakage. Solvent-bonded
casing joints, which are prone to solvation, should not be used when sampling for organics. Hydrocarbor+
based glues should be avoided for the joining of casing as they are likely b affect sampling results.
Threaded casing is preferable.

6.3.3.2 Annular Fill and Gravel Pack

The annular space is the space between the borehole walls and casing or screen. The materids used in the
annular space include filter pack materids, such as gravels and fine sand and sed materids, such as
bentonite, bentonite/cement mixtures and cement. Any of these materials, when ingppropriately used or
indalled, may ater the chemistry of groundwater entering the bore and need to be considered during bore
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instalation. Cement, for example, may cause achange in pH, while bentonite may sorb dissolved metals.

6.3.3.3 Location of Sampling Point (Screen Depth and Length)

The location and length of the screened interval in groundwater monitoring bores can be vitd. Due to the
generdly laminar flow of groundwater, contaminated groundwater usudly flows in discrete zones. Poorly
placed screens may fall to intercept these zones. Long screens in monitoring bores are known to result in
dilution of groundwater samples due to mixing with uncontaminated groundweter, resulting in the collection
of unrepresentative samples. Idedly, screened intervas should be short and located specificdly within the
zone of interest. In some investigations, bores may need to be ingtaled & more than one depth in an
aquifer to assess the extent of vertica groundwater flow and the distribution of contaminants a depth.

Correct location of the screened interva is especidly criticad when deding with aquifers polluted with nornt
aqueous phase liquids (NAPLS).

6.3.34 Light Non-Aqueous Phase Liquids (LNAPLS)

LNAPLs have an average dengity less than water (pecific gravity of less than one) and therefore generaly
float on water (e.g. petrol, diesel and other petroleum products).

Where LNAPLSs are present or potentidly present, monitoring bores should be constructed with verticd,
overlgpping, dotted intervals with a continuous screen or with a spiral screen to ensure accurate
measurement of phase separated product.

Bores should be constructed to ensure that the watertable on the Steis a a depth within the dotted interval
of the groundwater monitoring bore (often one metre of screen above the watertable and at least two
metres below).

If multiple aguifers exigt a the dte nested or multi-port monitoring bores may need to be ingtdled to
facilitate sampling over severd aquifer intervals.

It is dedirable that the screen for the detection of LNAPLSs is congtructed as close to verticaly continuous
asispossble.

Where a bore has been ingdled to monitor for LNAPLS, prior to purging, the bore should be monitored

for the presence of separate phase product using appropriate equipment, such as an oil/water interface
probe.

6.3.3.5 Dense Non-Aqueous Phase Liquids (DNAPLS)

DNAPLs have an average density greater than water (Specific gravity greater than one) and will generdly
ank in groundweter. It should be noted that a mixture of compounds might contain DNAPL compounds
but behave as an LNAPL if the average dendity isless than that of water (eg. atrace of TCE in ail).

The congruction of groundwater monitoring bores will be dependent upon the total depth of the aquifer
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beneath the gte and the presence and locations of any impermeable horizons.

Groundwater monitoring bores for the detection of DNAPL s should be constructed such that the screened
interval extends over the full depth of the aguifer or is located immediately above any impermesble horizons
that are identified. Depending upon the Ste characterigtics it may be beneficid to congtruct a rest of
groundwater monitoring bores with screened intervals a varying depths throughout the aquifer to enable a
vertica profile of the DNAPL contaminant concentrations to be devel oped.

6.3.4 Bore Development

Thisisthe process of removing fines such as sand, st and clay from the aquifer around the bore screen and
bresking down drilling mud on the borehole wall. Development maximises the hydraulic connection
between the bore and the formation.

In most formations, the gpplication of development techniques will result in ‘virtudly particulate-free' water
returns from bores. However, development techniques are limited for small-diameter monitoring bores (i.e.
50 millimetres in diameter or less) and in low yieding geologicad formations. In such conditions, bore
development may not result in samples with low turbidity.

During development, bore yield should be estimated by monitoring the rate of recovery of water in the bore
after pumping. This information can then be used to select suitable methods for subsequent purging and

sampling.

All bores used for groundwater monitoring should be developed prior to sampling where grouting has been
used in the congtruction processes, bores should be developed after the grout has had sufficient time to
cure and it can be demonstrated that bore field chemistry has stabilised.

6.3.5 Bore Completion

Groundwater monitoring bores should be labelled as such and have alockable cap to avoid tampering and
contamination.

The eevation of the top of well casng and ground level shoud be surveyed to the Audtrdian Height Datum
(AHD) or to a locad heght datum. All monitoring bores should be accurately surveyed (suggest a one
millimetre elevation accuracy between-bore devation) to alow for presentation of accurate watertable
contous. Combining the bore eevation with the depth to groundwater data enables a groundwater
contour diagram for the dite to be developed and the direction of the loca groundwater flow to be
determined.

6.3.6 Documentation

Documentation and reporting of bore congruction detalls is vita, and should include date drilled, drilling
method used (e.g. mud rotary, direct push, etc.), time started, time completed, drilling company, name of
drilling supervisor, congtruction depth, tagged depth, screen interval, depth to water, details of bore
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development (method of development, time to develop, yield, etc.). A typicad bore congruction log is
presented in Appendix E.

Although at this Stage there is no requirement for the licensing or registering of groundwater monitoring

bores with the WRC, the provision of bore logs and groundwater information to the WRC improves the
database and consequently the information obtainable from this source.

6.4 GROUNDWATER SAMPLING

Groundwater samples should only be collected from appropriately constructed groundwater
monitoring bores. Samples of groundwater collected from test pits, trenches or similar are not
acceptable, asthey are not considered representative of groundwater at a site.

Sampling of monitoring bores is not discussed in datall in this document, however the following factors

should be noted:

- accurate water level measurements are required from dl bores to provide an indication of
groundwater flow direction beneath the ste and any tempora variations in groundwater leve or flow
direction.
where a bore has been indaled to monitor for LNAPLS, prior to purging, the bore should be
monitored for the presence of phase separated product using appropriate equipment, such as an
oil/water interface probe.

If phase separated product is detected in the groundwater monitoring bore, consideration should be
given to correcting the groundweter elevation to alow for the difference in dengty of the product and
groundwater.

al ingruments used on a Site should be accurately cdibrated. Water level probes can stretch over
time and should be regularly cdibrated. Where a number of instruments are being used on a Ste
(eg. different water level probes or an oil/water interface probe), then cdlibration between
ingruments is required to ensure accuracy and consistency of results.

6.4.1 Groundwater Level Measurement

Groundwater level measurements are required to determine groundwater and contaminant flow directions
and rates.

Some important factors to consider when collection of measurement data should include:

. groundwater levels should aways be measured and recorded on the same day (date and time) to the
Audrdian height datum before bore disturbance;
groundweter levelsin new bores may take some time to stabilise after ingtallation and development;
in some environments, irrigation, pumping or tida influences may cause rapid groundweter level
fluctutions,
in some dtudions waer can accumulate in bores so condderation of groundwater level
measurements before and after purging of the bore may be necessary; and
methods and instruments used to collect and record changes in the level of groundwater can vary
depending on the design and need to be considered.
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6.4.2 Purging

Purging is the process of removing stagnant weater from a bore before sampling, therefore may not be
representative of the aquifer conditions. Boreholes should therefore be purged before sampling, by
pumping to waste a volume of water equivadent to a least four to Sx times the internd volume of the
borehole itsdlf.

Purging aso involves pumping the water out of the bore until in situ measurements such as pH, turbidity,
eectrica conductivity (EC), temperature, etc. are in equilibrium. The purging process for monitoring bores
should not introduce air, water or other materids into the aquifer.

Further information can be obtained from ASNZS 5667.11:1998 Water Quality — Sampling, Part 11:
Guidance on Sampling of Groundwaters (ASYNZS 5667.11:1998).

6.4.3 Frequency of Sampling

Groundwater qudity may vary temporaly and spatialy due to seasond fluctuations in groundwater level
and groundwater flow directions. Groundwater benesth a site may therefore need to be sampled on more
than one occason. Determination of the frequency of groundwater sampling events should teke into
consideration:

objectives of the SAP,

vaiation in qudity of the groundwater under investigation (tempora and spatid);

nature and type of contaminants (mobility, dispersion, specific gravity); and

andyds results and/or continuous monitoring results, which indicate that groundwater contaminant

concentration(s) exceeds acceptable concentrations or appears to be changing.

6.4.3.1 Disposal of Extracted Waters

Extracted groundwater, resulting from development and purging of bores and sampling activities should be
stored on-gte in lined drums on an impervious surface until the anadys's results are available to determine
the most appropriate disposd option. This is of particular importance where separate phase product is
present in the groundwater.

Where gte contamination is known, or where it is determined that there is a high probability of
contamination, it is recommended that the digposa options for any materid requiring remova from a Ste
dunng sampling activities be addressed prior to commencing works so asto:

minimise hedth and safety risks to public, Ste personnd and the environment associated with

exposure to any contaminated materid;

determine a strategy/method for characterising the waste;

determine the packaging requirements for waste materia to be disposed so as to reduce the risk of

costly and unsafe double handing; and

minimise time taken to obtain the gppropriate agpprovas for off-ste disposal.

Where the concentration of contaminants in the wastewaters is below the Assessment Levels for Sail,
Sediment and Water (DEP, 2001) guideline or DEP approved site-specific criteria, then they may be
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disposed of on-gte a a suitable location following gpprovad from the Ste operator/owner, any interested
party or authority. Disposa should not be to any suface water bodies, stormwater drains or to sewer
(unless prior gpprova has been obtained from the relevant authority).

Where the concentrations of contaminants are such that they are unable to be digposed of at the Ste, then
off-gite disposal a an appropriate location, such as a liquid waste disposa facility is required. Such
facilities require a licence under the Environmental Protection Act 1986. Any waste consdered a
controlled waste must be appropriately transported in accordance with the Environmental Protection
(Controlled Waste) Regulations 2001. For further advice about licence and permit requirements, please
contact the DEP.
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REMEDIATION, VALIDATION AND ONGOING MANAGEMENT

Summary
The objective of conducting remediation, validation and ongoing management sampling is
to assess whether contaminant concentrationsin the material remaining on-site pose a risk
to human health or the environment and ar e acceptable for theintended or current landuse.
Validation of soil remediation should be completed by systematic sampling across the walls
and base of all excavations.
Practitioners should confirm that the history of any backfill material indicatesthat it is not
contaminated.
Validation of sediment remediation should be completed by systematic sampling of the
remediated area. Re-dispersion of sedimentsto and from the area should be considered
when determining sampling locations and sample depth.
Validation of the acceptability of groundwater should be completed by conducting an
ongoing monitoring program until consecutive/seasonal results show either a decrease or
stability in contaminant concentrations below the relevant assessment levels.

7.1

INTRODUCTION AND OBJECTIVES

The objective of conducting remediation, validation and ongoing management sampling is to assess whether
contaminant concentrations in the materids remaning on-ste (i.e. soil/sediment/groundwater, backfill
materid, in situ and ex situ remediated materia, etc.) pose arisk to human health or the environment and
are acceptable for the intended or current landuse.

Where contamination above acceptable levels is identified during a validation program then the following

shoul

d be completed:
review of sampling, anaytical and QA/QC results to determine if any errors in sampling/andysis have
occurred,
further invegtigations to determine the extent of the remaining contamination;
further remediation to ensure that contamination is not present above acceptable levels,
vaidation of the further remediation; and/or
gte based ecologicd and/or human hedlth risk assessment to determine the impacts of the
contamination remaining ot Site (which should address dl exposure pathways).

The

use of PID and other smilar field/visual/olfactory methods are not acceptable methods of

validation.
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UNDERGROUND STORAGE TANK (UST) AND INFRASTRUCTURE REMOVAL

It should be noted that where UST(s) have contained petroleum products, the removal, disposal
and in situ abandonment of those tanks should be undertaken in accordance with the Guidance

Note S321 Removal and Disposal of Underground Petroleum Storage Tanks (DM E, 1999).

Thefollowing factor s should be considered when removing tanks and infrastructure:

All product lines should be flushed and any residual products removed by an appropriate
contractor prior to the commencement of worksfor theremoval of the USTs.

The integrity of the pipe-work (especially where connections occur) should be established
by an approved person (refer to Guidance Note S321) prior to the removal of the UST.
Upon removal, the UST should be examined for evidence of corrosion, pitting, splitting
(especially at seams) and any evidence of leakage from fittings noted.

Photographic evidence of the condition of the UST, upon removal, should be obtained. It is
also beneficial to provide photographic evidence of the condition of the tank pit following
removal of the UST.

A disused UST may be left in the ground only in exceptional circumstances and subject to
approval by the DMPR. The following will be consdered when application for in stu
abandonment of USTsisundertaken:

Theremoval of the tank would bring significant risk to the structural integrity of the nearby
buildingsor structures.

A competent professional can demonstrate to the satisfaction of the DEP that the risks of
contamination of the surrounding soil and groundwater are acceptable. The DEP may
requirethe implementation of a monitoring program.

7.2 VALIDATION SAMPLING PATTERN SELECTION

7.2.1 Remaining In Situ Soil

Where contaminated soil is removed from an areg, the soil remaining in the excavation should be vaidated
as being acceptable prior to backfilling. A systematic sampling pattern should be used with sampling points
spaced evenly across the walls and the bottom of dl excavated areas. The grid spacing should correspond
to the number of samples required as discussed in Section 4.

Vdidation samples should be collected:

from the wdlls of the excavation pit a depth intervals dependent upon the location of contamination;
and
from the bottom of the excavated pit.

7.2.1.1 Validation of USTs and Associated Infrastructure

Where a UST has been removed, vdidation of remaining in situ soil should take into congderation:
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imported materid located in the tank pit surrounding a UST should be sampled. It is preferable that
the imported fill be removed, so that the natural soil profile is exposed for vaidetion;

vaidation sampling following the remova of a sngle UST should congst of a minimum of one soil
sample from the base of the tank pit and one sample from each wal of the tank pit. Vdidation
samples should also be collected from benesth the locations of each bowser and benesath each fud
feed ling

to vdidate a multiple tank pit the number of soil samples should be increased such that a smilar
sampling dengity is obtained to thet used for the vaidation of asingle tank pit (see Appendix F);

in mogt instances it is recommended that samples are representative of the natura soil profile,
whether thisisthe sdewall, base of the tank pit or benesth bowsers or fue lines

if groundwater is evident in the base of the tank pit, the wall soil samples should be collected from
within the capillary fringe of the groundwater aguifer to maximise the probability of detecting any
contaminated soils (in addition, groundwater monitoring bores should be ingtalled and groundwater
samples collected and analysed — collection of grab samples from within test pits, trenches or smilar
IS not acceptable (refer to Section 6)).

Where a UST has been removed, Appendix F provides suggested sampling locations to vaidate a tank pit
following UST removdl.

Refer to Section 4 * Soil Sampling Design’ for further information.
7.2.2 Remaining In Situ Sediment

Vadidation of sediment remediation should be completed by systematic sampling of the remediated area
(i.,e. a grid patern including collection of samples dong the perimeter of the remediated area and
immediately beyond the remediated ared), to check that no disperson of contaminated sediments has
occurred.

The number of samples required will be dependent upon the size of the arearemediated, any disperson of
sediment which occurred during remediation activities, any movement of sediment into the remediated ares,
and the nature of the contaminants.

The depth of sample collection will depend upon the depth of initid contamination, the remediation depth
and the presence of any sediment which has moved onto the site following remediation.

In high sediment movement areas, the remediation area may become in-filled with clean sediments, and it is
therefore important to select the most appropriate methodology to ensure that sediment from the zone of
contamination is collected rather than clean sediments.

Where the source of contamination is unknown, ongoing monitoring should be undertaken to ensure that
re-contamination of sediments does not occur (e.g. by contaminated water flowing over the sediments, or

by contaminated sediments settling in an area distant from their source).

Refer to Section 5 * Sediment Sampling Design’ for further information.
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7.2.3 Groundwater

Accurate vaidetion of contaminated groundwater or of the improvement in groundwater qudity is difficult
due to inherent variability in groundwater quality, and sampling and analysis error. One set of groundwater
monitoring results is not enough to corfirm vdidation of aste.

In order to adequatdly validate groundwater:

seasond trends mugt be identified, and information provided to demondtrate that the groundwater is
of acceptable qudity the whole year round, as concentrations of contaminants may change due to
seasond variations in groundwater leve; and

al results must show a consgtent trend such as a decrease or dabilisation below the relevant
asessment levels. A sudden drop in contaminant concentrations is not considered an adequate
vaidation of reduced contamination, as it may be a result of sampling/analysis error as opposed to
actua groundwater conditions. In addition there may be “rebounding” towards origina contaminant
levels following groundwater remediation (eg. by resdua non-agueous phase liquid (NAPL)),
sorbed or otherwise immobilised contaminants being redissolved in groundwater.  Although some
indication of rebound may be seen following monitoring for a full year, in some cases it may take
considerably longer.

Where active remediation is being undertaken, and anaytica results show contaminant concentrations are
within acceptable limits, then an adequate monitoring trid should be undertaken prior to cessation of
remediation activities to ensure that when active remediation ceases, contaminant concentrations do not
return to above acoeptable limits when the groundwater returns to equilibrium.  Also a period of monitoring
after active remediation ceases to confirm successful remediation.

Refer to Section 6 * Groundwater Sampling Design’ for further information.

7.23.1 Monitored Natural Attenuation (MNA)

Naturd atenuation is often presented as aremediad method for groundwater. Although it is recognised that
neturd attenuetion is an effective, inexpensve clean-up option and in some cases the most appropriate way
to remediate a gite, it is not the DEP's preferred method of management or remediation of groundwater
(more active measures such as sparging or dosing are preferred).  As with any remedia option, natural
attenuation should be evaluated for its appropriateness based on the risks, the Site characterigtics, and the
potentid to achieve remediation a a Ste. The capacity for the aguifer to atenuate contaminants needs to
be demonstrated (e.g. dissolved oxygen measurements, pH, sulphate, nitrate, ferrous iron, contaminant-
utilising bacteria, and heterotrophic bacteria).

To be accepted as a viable remedy, naturd attenuation needs to be used in the context of a carefully
controlled and monitored Site clean-up approach, including source removad. Because the rates of natura
degradation processes are typicdly dow, long term monitoring is necessary to demondrate that
contaminant concentrations are decreasing a a rate sufficient to ensure that they will not become athreet to
human health or the environment, and that transport through the subsurface is as predicted.  Continugtion of
groundwater monitoring is required until such time as the contaminants of concern have decreased to below
the relevant acceptance level.

46
December 2001 V1



7.2.4 Backfill Material

Backfill materid may be imported from ether on-Ste or off-site sources. ). The fill should be assessed
agang Ecologicd Invedtigetion Leves (EILS) as per the Assessment Levels for Soil, Sediment and
Water (DEP, 2001) unlessit can be demondtrated that the materia isfrom a clean source (e.g. borrow pit,
quarry) via a letter/certificate from the source..

The number of samples required is dependent upon the volume of fill materid.  Sampling should be
completed in accordance with the stockpile sampling guiddines provided in the Guidelines for
Acceptance of Solid Waste to Landfill (DEP, 2001) and the results assessed againgt EILs as per
Assessment Levels for Soil, Sediment and Water (DEP 2001).

Indication of the quality of dl backfill meterid at aSteisrequired. Where fill is sourced from a number of
locations documented evidence and/or analysis resullts for each fill sourceis required, dong with aligt of the
volumes obtained from each source. Where fill isimported, it generdly becomes the surface materid of the
dte, therefore confirmation of its qudity is required to ensure minima risk to human hedth and the
environment.

7.2.5 Remediated Material

Excavated material should be sampled to determine appropriate disposa or remediation options.

The materia can be sampled in situ using a systematic (grid) sampling pattern to demongtrate that the
materia excavated/dredged is not likely to pose an unacceptable risk to human heath or the environment.
Judgemental sampling, based m previous investigation results, can be used to vaidate areas consdered
mogt likely to have remained contaminated.

Where materid is stockpiled, the number of samples depends upon the volume of materid. As with
backfill materid, the guideines provided in the Guidelines for Acceptance of Solid Waste to Landfill
(DEP, 2001) can be utilised in determining the number of samples required.

47
December 2001 V1



8. GLOSSARY

Analyte

ANZECC

Aquifer

ARMCANZ

Assessment

Assessment Levels

Background Concentrations

Beneficial Use

Bioavailability

Bore

BTEX

Refersto any chemica compound, eement or other parameter as
asubject for andysis.

Audrdian and New Zedand Environment and Consarvation
Counail.

Rock or sediment in a geologicd formation, or group of
formations, or pat of a formation which is cgpable of being
permegted permanently or intermittently and can thereby tranamit
water.

Agriculture and Resource Management Council of Austradia and
New Zealand.

Study of a gte to determine possible and actud contaminants.
May involve a desktop review of the ste and may aso include
the collection and analysis of soil, groundwater or sediment
samples.

Guiddine concentrations of contaminants adopted by the DEP to
use as a comparison against which to assess the presence and
Severity of contamination at a ste.

Naturdly occurring ambient concentrations in the loca aress of a
Ste.

The use of the environment, or of any portion thereof, which

iS—

(& conducive to public benefit, public amenity, public safety,
public hedth or aesthetic enjoyment; or

(b) identified and declared under Section 35(2) of the
Environmental Protection Act 1986 (as amended) to be a
beneficial use to be protected under an approved palicy.

Avallability of contaminants in aform in which organisms or biota
can assimilate contaminants e.g. contaminants being in a dissolved
date or capable of being solubilised once ingested.

A hole drilled into an aquifer for the purpose of monitoring or
extracting groundwater. Another common termis ‘well’.

Benzene, Toluene, Ethylbenzene, Xylene.

48
December 2001 V1



Clean Fill

Competent Professional

Composite Sample

Contaminant

Contaminant Rebound

Contaminated

Data Quality Objective (DQO)

Dense Non-Aqueous Phase
Liquid (DNAPL)

DEP

Detailed Site Investigation (DSI)

Development (of bores)

Diffuse Sour ce

Materid that will have no harmful effects on the environment and
which conssts of rocks or soil aisgng from the excavation of
undisturbed materid.

For materid not from a“clean excavation”, it must be validated to
have contaminants below Ecologicd Investigation Leves.

Possessing the skills, knowledge, experience, and judgement to
perform the assigned tasks or activities satisfactorily.

The bulking and thorough mixing of equa quantities of soil
samples collected from more than one sample location to form a
sngle soil sample for chemicd andlyss

A substance which has the potentid to present arisk of harm to
human hedth or any environmentd vaue.

Occurs when residual non-aqueous phase liquid (NAPL), sorbed
or otherwise, immobilised contaminants, are re-dissolved into the
groundwater.

In relaion to land or underground water, means that a substance
IS present in, on or under that land or in that underground water,
a a concentration that presents, or has the potential to present, a
risk of harm to human hedlth or any environmenta vaue.

Qudlitative and quantitative statements which specify the qudity
of the data required.

Non-agueous substances which have an average dendity greater
than water (Specific gravity greater than 1) and therefore generdly
gank in weter.

Department of Environmental Protection.

An investigation which confirms and ddineates potentid or actud
contamination through a comprehensive sampling program.

The removd of fines (induding drilling mud) from the aquifer
immediatdly surrounding the bore and credting a filter zone
aound the bore that prevents further movement of aguifer
particlesinto the bore.

Widespread sources of contamination such as the contents of
landfill dtes, resdentid aess or large indudrid complexes
containing a number of point sources.
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DMPR

Ecosystem

ElL i

Environmental Value

FID

GROUNDWATER (ALSO
UNDERGROUND WATER)

HI L il

Hydraulic Gradient

Hydr ogeology

Interim Sediment Quality
Guiddines-Low (1SQG-Low)

Interim Sediment Quality
Guideines-High (1SQG-High)

Investigation Levels

Department of Mineral and Petroleam Resources

Unit incduding a community of organiams, the physcd and
chemica environment of that community, and dl the interactions
among those organisms and between the organisms and thelr
environment.

Ecologica Investigation Level. EILs for soil is the concentration
of a contaminant below which adverse impacts upon site-pecific
ecologica vaues are unlikely to occur.

(& bendficid use; or

(b) an ecosystem hedth condition.

Which requires protection from activities which may degrade,
impair or destroy it.

Flame lonisation Detector.

All waters occurring below the land surface.

Hedth Invedtigation Levels. HILs are utilised to assess

contamination where:

(& thereisno adverseimpact, or little potentid for any adverse
impact, to the environment, or the environmental vaue or
beneficid use of an environmental receptor; and therefore

(b) the adverse impacts arisng from contamination & a Ste are

to human hedith only.

The change in the datic head (of groundwater) per unit of
disance in agiven direction.

The study of groundwater, especialy relating to the ditribution of
aquifers, groundweter flow and groundwater qudity.

Probable-effects concentrations below which biologica effects
would rarely occur.

Probable-effects concentrations below which biologica effects
would possibly occur. Concentrations at or above the 1SQG-
High represent a probable-effects range within which effects
would be expected to frequently occur.

The concentration of a contaminant above which further
invedtigation, evauation and possbly remediation will be
required.
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L andfill

Light Non-Aqueous Phase Liquid

(LNAPL)

NATA

Natural Attenuation

NEPC
NEPM
NHMRC
PID

Point Source

Practitioners

Preliminary Site Investigation
(PSI)

Public Drinking Water Source
Area (PDWSA)

In relation to the legd digposd of contaminated materid, landfill
means a Ste used for digposd of solid materid by burid in the
ground that is licensed as a landfill under the Environmental
Protection Act 1986.

Nont+aqueous substances which have an average dengity less than
water (specific gravity of less than 1) and therefore generdly float
on water, e.g. petrol.

Nationd Association of Testing Authorities.

Rdiance on naurd processes, including various physcd,
chemical, or biologicd processes, that, under favourable
conditions, act without human intervention to reduce the mass,
toxicity, mohbility, volume, or concentration of contaminants in
s0il, sediment or groundweter. These in situ processes include
biodegradation, disperson, dilution, sorption, volailisation,
chemical or biologica gtabilisation, transformation, or destruction
of contaminants.

National Environment Protection Council.
Nationa Environment Protection Measure.
Nationa Health and Medical Research Council.
Photoionisation Detector.

Localised source of contamination such as storage tanks, pumps
and drums.

Suitably qudified professonas with experience in environmentd
investigations and management.

An investigation congsting of a desktop study, a detailed Site
ingpection and, where gppropriate, limited sampling. The
preliminary site investigation should be of such scope asto be
aufficient to indicate whether contamination is present or likely to
be present and to determine whether a detailed Ste investigation
should be conducted. Also to provide information for designing a
DSl.

An aea dlocated for the collection/abstraction of water for
public drinking water supply.
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Receptor

Remediation

Residual/Remaining
Soil/Groundwater

Response L evel

Risk Assessment

Sample Pattern
SAP

Saturated Zone

Sediment

Separ ate Phase Hydrocar bons
(alsoreferred to as Phase-
Separ ated Hydr ocar bons)

Site

The entity that may be adversdly affected by contact with or
exposure to a contaminant of concern.

Action taken to diminate, limit, correct, counteract, mitigete or
remove any contaminant or the negative effects on the
environment or human health of any contaminant.

Soil/groundwater remaining after contaminated soil/groundweter
has been removed.

Concentration of a contaminant at a specific Ste based on a Ste
assessment for which some form of response is required, to
provide an adequate margin of safety to protect public hedth
and/or the environment.

Process of edimating the potentid impact of a chemicd,
biologica or physcd agent on humans, plants, animds and the
ecology.

Thelocation of sampling points within asampling area.
Sampling and Andys's Program.

The zone within an aguifer in which dl the pores and rock
fractures are filled with water.

Loose particles of sand, clay, St and other substances that settle
at the bottom of a body of water. Sediment can derive from the
erosion of soil or from the decomposition of plants and animas.

Differences in the physical and chemical properties of water and
NorAqueous Phase Liquids (NAPLS) results in a physica
interface between the liquids, which prevents the liquids from
mixing.

An areaof land or underground water.
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Underground Storage Tank
(UST)

Underground Water Pollution

Control Area (UWPCA)

Validation

Watertable

Water Reserve

Well

WRC

A tank that:

a) iscurrently, or has higoricaly been used for the storage of
environmentally hazardous substances such as, but not
limited to, petroleum products, acids and dkalis, and

b) isfully or partidly buried.

An area gazetted under the Metropolitan Water Supply and
Drainage Act 1909 to protect groundwater resources used for
public drinking water supply. Within these areas redtrictions
apply to activities which may pollute the groundwater.

The process of demongrating that a Site has been remediated
successfully.  Involves the collection and analysis of samples to
demondrate that contaminant concentrations are below
acceptable limits and do not pose a risk to human hedth or the
environment.

The surface of an unconfined aquifer or confining bed a which
the pore water pressure is aimospheric. It can be measured by
ingaling groundwater bores into the zone of saturation and
measuring the water level in those bores.

An area gazetted under the Country Areas Water Supply Act
1947 to protect groundwater resources used for public drinking
water supply. Within these areas redirictions gpply to activities
which may pollute the groundweter.

Refer to Bore.

Water and Rivers Commission.
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SAMPLING PATTERNS
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APPENDIX A. SAMPLING PATTERNS

Judgemental Sampling

Sampling is locaised based on knowledge of known or probable distribution, or location of contamination
a adte A high leve of confidence in the rdiability of information about the gte is required and the
information needs to reflect the current sate of the Site.

Stratified Sampling
The steisdivided into sub-areas according to one or more of the following:

()] geologica or geographica features,

(ii) Spatid digtribution of the contamination;
(i) former usage pattern of the Site;

(v)  intended future use of the sub-area; and
V) any other common factor not listed.

Once divided, each sub-area should be consdered as an individuad Ste and different sampling patterns and
sampling densities can be applied to each sub-area.

This pattern is the most appropriate gpproach for investigating large stes with complex contaminant
digtributions.

Systematic Sampling

Sampling points are regularly spaced using a grid pattern. This method is satigticaly unbiased, provided
the coordinates of the initial sampling point are determined randomly.

Random Sampling

Sampling points are generated using a random number generaior (as available on most scientific
cdculators). This method is gatisticaly unbiased, however sampling points can cluster together, henceiit is
not the most effective method for evauating aress of concern.  Where this method is used, a surveyed
reference point should be established from which dl sample points should have a measured bearing and
distance. In generd, this method has limited use in contaminated Ste investigations.

Stratified Random Sampling

Involves dividing the dte into areas and randomly sampling within each area. This method dlows large
aress of land to sampled a lower sample densities.
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APPENDIX B

NUMBER OF SAMPLE LOCATIONS REQUIRED FOR HOT SPOT DETECTION
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APPENDIX B. NUMBER OF SAMPLING LOCATIONS REQUIRED FOR HOT
SPOT DETECTION

This Appendix has been modified from AS 4482.1-1997.
B1. SCOPE

The method presented here is based on detecting circular hot spots with 95% confidence using a square

grid sampling pattern. To detect hot spots of other shapes, a other confidence levels or by using other

sampling patterns, the following references should be consulted:

@ GILBERT, R.O (1987) Satistical methods for environmental pollution monitoring, Chapter
10. Van Nostrand Reinhold: New Y ork.

(b) FERGUSON, C.C. (1992) The datigtica bass for spatid sampling of contaminated land.
Ground Engineering, pp 25, 34-38.

(© NSW EPA, Contaminated Stes Sampling Design Guidelines, September 1995.

B2. CALCULATIONS
B2.1  GRID SIZE

Thegrid Sze, G, should be cdculated using Equation B1:

G = R/059 ... (B

whee G = gridszeof thesampling plan, in metres
R = radius of the smallest hot spot that the sampling intends to detect, in metres
0.59 =  factor derived from 95% detection probability, assuming circular hot spots.

B2.2  NUMBER OF SAMPLING POINTS

The number of sampling points n should then be calculated from Equation B2:

n = A/G ... (B2)
wheree A = areato besampled, in square metres
G =  gridszeof the sampling pattern, from Step B2.1, in metres

B3. PROCEDURE
The procedure should be as follows:
@ Determine the radius of the hot spot, R, that needs to be detected.

(b) Cdculate the grid Sze, G, from Equation B1.
(© Determine the number of sampling points required, n, from Equation B2.
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APPENDIX C

MINIMUM SAMPLING POINTS REQUIRED FOR SITE CHARACTERISATION BASED
ON DETECTION OF CIRCULAR HOT SPOTS USING SYSTEMATIC SAMPLING
PATTERN
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APPENDIX C. MINIMUM SAMPLING POINTS REQUIRED FOR SITE
CHARACTERISATION BASED ON DETECTION OF CIRCULAR HOT
SPOTS USING SYSTEMATIC GRID SAMPLING PATTERN

Thistable has been modified from Contaminated Stes Sampling Design Guidelines (NSW EPA, 1995)

AREA OF THE NUMBER OF EQUIVALENT DIAMETER OF THE GRID SZE
SITE AND/OR SAMPLING POINTS SAMPLING HOTSPOT THAT CAN (m)
EXCAVATIONS RECOMMENDED DENSTY BE DETECTEDWITH
ha (m?) (POINTS/ha) 95% CONFIDENCE
(m)
0.05 (500) 5 100.0 118 95
0.1 (1000) 6 60.0 15.2 129
0.2 (2000) 7 350 19.9 16.9
0.3 (3000) 9 300 215 182
0.4 (4000) 11 2715 225 191
0.5 (5000) 13 260 231 196
0.6 (6000) 15 250 236 20
0.7 (7000) 17 243 239 20.3
0.8 (8000) 19 238 24.2 205
0.9 (9000) 20 22 250 212
1.0 (10 000) 21 210 25.7 218
1.5 (15 000) 25 16.7 289 245
2.0(20000) 30 150 305 254
25(25000) 35 140 315 26.7
3.0(30000) 40 133 324 274
3.5(35000) 45 129 329 279
4.0 (40 000) 50 125 334 283
4.5 (45 000) 52 116 34.6 293
5.0 (50 000) 55 110 356 301
Notes: 1 The provision in thistable of the number of sampling points does not imply that minimum sampling is

good practice for a given site. The investigator should be prepared to justify the appropriateness of
applying thistable or any other sampling rationale.

2 No guidance is provided for sites larger than five hectares (50 000 mi). Such sites are usually
subdivided into smaller areas for more effective sampling.
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APPENDIX D

TYPICAL UNDERGROUND STORAGE TANK (UST) INFRASTRUCTURE AND
GROUNDWATER MONITORING BORE LOCATIONS
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APPENDIX D.

Monitering

well {immediately
down gradient of
possible
confaminant
source)

TYPICAL UST SITE INFRASTRUCTURE & GROUNDWATER

MONITORING BORE LOCATIONS.

Y

Overfill
protection

)

Meonitoring well (background water quality)

Vent lines

Dispenser with internal pump unit—

Dispenser with
meter only

Underground tanks
Direct fill with spill containment

Remote fill with spill containment

Monitoring welt
(quality of groundwater
leaving the site)
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APPENDIX E

BORE CONSTRUCTION DETAILS
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APPENDIX E. BORE CONSTRUCTION DETAILS

BORE COMPLETION DETAILS: GW1
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APPENDIX F

TANK PIT VALIDATION: TYPICAL SOIL SAMPLING LOCATIONS
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APPENDIX F.

TANK PIT VALIDATION: TYPICAL SOIL SAMPLING LOCATIONS.
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