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GUIDELINES FOR THE ASSESSMENT OF LAND CONTAMINATED WITH
RADIOACTIVE MATERIAL
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There are many documented land sites throughout Queensland which are contaminated by
technically enhanced concentrations of naturally occurring radioaci-jve material. Typically
this material originates from mine tailings associated with mineral sand, tin and gold
mining operations, however, industrial processes using zircon foundry sand, abrasive blast
media, and mineral water and oil production are also known to contaminate land. While
documents are available to provide a suitable framework for dealing with land
contaminated with radioactive materials, these documents do not provide detailed
assessment, remediation and validation methods, consistent guidance on dose limits for the
release of material or for the remediation of sites, or on the derivation of suitable
investigation levels to be used for the purpose of indicating land contamination. This paper
briefly explores these issues.

INTRODUCTION

Land has been contaminated with technically enhanced radioactive materials. These
radioactive materials originate from mine tailings associated with mineral sand, tin and
gold mining operations, and from industrial processes using zircon foundry sand, abrasive
blast media, and mineral water and oil production. It follows that criteria are required for
the release of regulated materials into the community at large and for remedial activities
where land has become contaminated through the unregulated release of material, to protect
public health. A standardised and consistent approach are required to enable these criteria
to be used for the release of material, and for the assessment of land and remediation of
land deemed contaminated.

The assessment and remediation of land may be required for regulated an^ unregulated
radiation practices, some natural events and accidents. A regulated practice is controlled
and managed with regard to the appropriate radiation limits and mechanisms. Such a
practice will require release criteria and a program to implement them. However, the
assessment of land for contamination may still be required for regulated practices to ensure
they have complied with lease or other operating conditions.

Intervention may also be required to reduce the radiological impact of some natural events
or where an accident has occurred. In Queensland these 'out of control' practices, have
given rise to concern over the years with former mining operations linked to much of the
land assessed as contaminated, and requiring remediation. Some mining activities have
been operational for many decades, consequently they have a historical out of control
component to their practice along with their current under control operations (e.g. it has



been agreed by the Queensland Department of Health and the Queensland Department of
Minerals and Energy that all radiation related activities associated with the mining and
milling of mineral sand by one company were out of control prior 1 January 1984).

While documents are readily available which provide a suitable framework for dealing with
land contaminated with radioactive materials, these documents do not provide detailed
assessment methods, consistent guidance on dose limits for the release of material,
remediation policy or on the derivation of suitable investigation levels to be applied for the
purpose of indicating land contamination. This paper briefly explores these issues

It is hoped that this paper will provide some impetus for authorities and stakeholders to
develop guidelines for the management of land contaminated with radioactive materials.

CURRENT GUIDELINES AND THE NEED FOR CONSISTENT GUIDELINES

In 1984 the Queensland Department of Health developed its own guidelines (QRH, 1996)
for the management of mineral sand tailings (monazite bearing) which were dumped in an
uncontrolled manner throughout South East Queensland over many years. Subsequently,
the department generally adopted the guidelines developed by the NHMRC (NHMRC,
1984), for the management of mineral sand residues, where the action levels provided were
derived from the 1981 NHMRC radiation protection standard (NHMRC, 1981) for
members of the public. The guidelines refer to the use of the 5mSv member of the public
annual limit for planning purposes. This planning level was used to derive action levels
which translate directly to the remediation levels for the application of intervention at out
of control mineral sand practices. The development of derived dose levels for regulated or
under control practice types quickly followed in an effort to control the release of mineral
sand residue into the community and to provide operating criteria for sand mining and
milling companies. The recommended life time public dose limit, at the time, of lmSv was
adopted to derive dose levels. In Queensland, the guidelines for the management of
mineral sand residues (see Appendix 1) contain both under control and out of control
practice radiological criteria, and are still adopted at the time of publishing. They are
expressed in terms of derived dose and have not been converted into a specific activity and
surface area activity expression of the derived dose.

This guideline may be viewed as providing the prescribed radiation levels for the
assessment, remediation and subsequent validation of a generic mineral sand site. In some
circumstances, it may be more economic and appropriate to carry out a site specific risk
assessment to predict the health impact of a particular site, however, this option was not
provided for. In fact, while the NHMRC guidelines note there is some flexibility available
in the manner they can be implemented, in practice the guidelines were adhered to rigidly
ensuring a uniform response was provided by the department.

The guidelines provided derived look-up tables providing immediate access to numerical
values for remediation. However, from time to time, the guidelines have been
misinterpreted and misused by both the regulatory authority and other stakeholders. An



example of this problem is the extrapolation of the single exposure pathway remediation
levels appropriate to insoluble mineral sand residues to more complex, multiple exposure
pathway environments for which the guidelines where not intended. Another source of on
going confusion is the application of under control practice and out of control practice
types, e.g. where a site is subject to remediation levels as an out of control practice, some
elements of intervention applied to a site are subject to under control practice requirements,
e.g. the disposal off-site of contaminated material and the transport of contaminated
material.

Another difficulty with the guidelines for out of control practice types is the inclusion of
a nominal natural background contribution which carried over into the action levels. This
has caused difficulties in adopting appropriate action levels in areas where enhanced
radiation levels are caused by natural mineralisation, e.g. coastal areas, and in particular,
when it was important to be seen to be applying a uniform intervention requirement.

A further concern is the inconsistent approach now developing with the application of dose
constraints which are based on a fraction of the dose limit and are applied prospectively to
regulated or controlled practices. In Queensland, this is highlighted by the use of a 0.5mSv
per annum dose constraint for the design of structural shielding for radiation facilities, yet
international agencies promote dose constraints ranging from 0.15mSv (NRC, 1997) to
0.3mSv per annum (IAEA, 1996). In some cases pre-pract'ce background levels
(TOUSSAINT, 1998) are specified for decommissioning levels overlaid by the application
of the ALARA philosophy. These contrast to the application in Queensland of a derived
dose limit based simply the lmSv annual effective dose limit for members of the public
when dealing with the remediation of contaminated sites.

To overcome these difficulties, it is suggested that:

• Investigation levels are adopted, based on derived specific activity, surface area
activity or other indicators, from exposure modelling of radionuclides.

• Regulatory or responsible authorities adopt dose criteria for unregulated, natural
events and accidents, or dose constraint for regulated practices to provide a
consistent approach to the protecting public health.

• Regulators or responsible authorities adopt a standardised approach to
demonstrating compliance with the dose-based regulation.

This standardised approach in relation to the assessment, remediation and validation of land
can be simply titled 'site management'. Ar overview of site management requirements is
suggested as follows.



SITE MANAGEMENT

An overview of Site Assessment, Survey Processes and Site Status

The responsibility for the management of contaminated lands lies with governments at all
levels. Often this responsibility is shared between government mining, environmental, and
health authorities. In 1992 the Queensland Government developed guidelines for the
assessment of contaminated land (not including radioactive contamination). The guideline
(CHEM, 1992) was based on the Australian and New Zealand Environmental Conservation
Council and the National Health and Medical Research Council developed methodology
and technical guidelines for the assessment and management or sites contaminated with
hazardous materials (ANZECC, 1992).

These documents provide a suitable framework for the development of procedures for
reporting and dealing with sites contaminated with radioactive materials. The documents
do not provide detailed methods required to complete a report, and it is recommended that
the MARSSIM (USEPA, 1997) document, when finalised in early 1998, be used for
guidance in specific investigation techniques.

An integral feature of this framework is the use of contaminated land descriptors which flag
the contaminated status of sites, i.e. prescribed, probable, confirmed, released, former and
managed. These descriptors introduced below and are adopted in land contamination or
environmental protection legislation.

Prescribed: Land where specific on-site activities are considered to present a
significant contamination risk, e.g. mineral sand milling.

Probable: Current or past use or activity on the site, including prescribed sites,
suggests that the land may have been or could be contaminated.

Confirmed: Land that is confirmed, after assessment, as being contaminated with
the contamination level presenting a public health or environmental hazard.

Former: Land previously classified as a/?r_ 'able, confirmed or restricted that,
after remediation, is no longer classified as contaminated land.

Released: Land previously classified as probable and, after investigation and
assessment is found not to be contaminated.

Managed: The level of contamination present may restrict land use, on-site
activities and management plan is required to ensure public health and/or the
environment are protected.

A systematic approach is adopted for the assessment, remediation, validation and
management of all land. This enables a site status to progress from one site status to the
next as the site is assessed, remediated and validated, as appropriate (Figure 1).



Figure 1. Site Status and Progression

Site Initial /Detailed Assessment Remediation / validation
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The use of investigation levels for the purpose of indicating contamination during an initial
assessment is recommended. If indicated, a detailed assessment should then be conducted
and site man^^^ment activities planned if the site is contaminated by radioactive materials.

This approach can be applied to both large complex sites and small scale residential sites,
and allows for the simplification of the assessment, remediation and validation
requirements for minor sites (such as for residential sites contaminated with mineral sands
used for lawn topdressing) provided each stage of the investigation is adopted and
documented.

Initial Assessment

S;te Description

Site History

Initial Testing

A detailed description of the site under investigation should also be
provided including real property description and street address,
area and any special features.

The site history should be used to assess the likelihood and
possible extent of contamination and include:

• present and past land uses;
• sources of information and validation where possible;
• preliminary site inspection information;
• topography, geological and meteorological considerations

and
• evidence of possible contamination.

Initial testing should consider the site history outcomes and should
use screening mechanisms to identify contaminants and determine
if investigation levels have been exceeded. The sampling regime
should be developed to ensure there is a high probability that any
contamination will be detected. Techniques capable of measuring
investigation levels (both physically and statistically) for all
exposure pathways should be employed and may include:

• surface gamma radiation surveys;
• surface alpha, beta and gamma contamination surveys;



• gross radioactivity screening of water;
• air monitoring;
• surface and sub-surface soil sampling for contaminant

identification (gross radioactivity screening, radionuclide,
geological, mineralogical or chemical identification) and

• on-site radioactivity logging

Groundwater sampling should also be included where the site
history suggests contamination may occur.

Report A report detailing the site description, history and initial test data
should be generated including sampling sites, rationale for
sampling, test methods and laboratories used, quality assurance
methods, results (including measurement systems lower levels of
detection), conclusions and recommendations for further action.

This report should be forwarded to the relevant authority for
review and action.

Detailed assessment

Where the initial investigation reveals that the radiation levels or radionuclide
concentrations are above the investigation levels a more detailed investigation would
normally be initiated.

Testing The purpose of the detailed investigation is to fully characterise the
radiological aspects of the site to direct the development of a site
remediation and management plan.

The testing regime associated with the detailed investigation would
typically require a more through sampling pattern, quantitative
analytical test methods may be required in preference to screening
techniques and particular attention to specific exposure pathways
identified in the initial phase is required.

Exposure assessment Using data provided by the site history and testing regime, an
exposure assessment can be made. The effective dose generated
from the calculation may be compared to regulatory authority
requirements and used in generating a management / remediation
plan for the site. The current and proposed land use should be
considered in applying dose criteria or constraints specified by the
regulatory authority.

Remediation Strategies include in-situ treatment of contaminated material to
reduce hazard and/or the remove of contaminated material to an
approved facility or site, and/or leave contaminated material in-situ



providing there is no immediate hazard to health, and the
contaminated material on site is controlled with a management
plan so as to mitigate any unacceptable risk to health.

Validation Demonstrating acceptable levels of remediation; and demonstrating
project quality assurance and quality control are features of site
validation.

Management plan If the exposure assessment indicates that remediation of the site is
required a management plan should be prepared. The management
plan should provide expected outcomes for the site and outline
remediation and validation strategies. The development of the
management plan requires consultation with regulatory authorities,
allied Government departments and other stakeholders.

A means of recording data generated on the radiation sites is required to provide long term
control and management. The Queensland Department of Health maintains a register of
land contaminated with mineral sands residues, the information not being available for
public access. The Queensland Department of Environment maintains a contaminated lands
register that contains information on land status and is available for public searches. At the
time of writing Department of Health records relating to land contaminated with mineral
sands residue was being prepared for transfer to the Department of Environment database.
Tne register, while being developed primarily for tracking land contaminated with heavy
metals and other hazardous materials, provides a structure which is suitable for application
to radiation sites.

THE DEVELOPMENT OF PUBLIC HEALTH BASED INVESTIGATION
LEVELS

Whilst MARSSIM provides an approach which is technically sound and flexible, there are
several areas not included in the scope of MARSSIM, more specifically the derivation of
investigation levels from dose criteria and dose constraint, expressed as specific activity,
surface urea activity, or perhaps simply as radiation levels. This aspect is briefly discussed
and explored below.

Investigation levels for both practices and intervention situations should be developed to
ensure that the probability of indicating the presence of contamination is high. Experience
has shown that relying on single exposure pathway investigation methods can significantly
underestimate the extent and nature of contamination unless a comprehensive and validated
site history and contaminant identification is available to support the simplified approach.

It is suggested that the investigation levels be based on a fraction of a conservative derived
value in addition to natural background levels for the area. Several examples are provided
as possible approaches u investigation level derivation.



example 3:
INVESTIGATION LEVEL
RADON EMANATION

investigation level (IL) = 2.BG

IL = 2 x 0.025 Bq.nvls-1

0.050 Bq.m 2 .s '

where BG is the measured local area background radon emanation rate for Rn-222
of0.025 Bq.m-2.s'

FURTHER WORK

In researching this paper it has become appai^nt that land of this nature, potentially
contaminated or confirmed as contaminated, constitutes only a small fraction of radiation sites
(where a site may be defined as any installation, facility, parcel of land, or any building or
structure on that land). Throughout Queensland, and Australia, there may be a need to assess
these other sites for the presence of radioactive contamination and subsequent remediation
prior to decommissioning or sale. Current moves in the United States are tending towards all
Nuclear Regulatory Commission, Department of Energy and Department of Defense
controlled sites requiring assessment before they can be released to the public. It is interesting
to note, that sites subject to this assessment include all licensed radiation practices with the
Nuclear Regulatory Commission, e.g. nuclear medicine departments in hospitals, sealed source
users and waste disposal operators. These emerging international requirements raise the
question of whether similar assessments should be made locally and, if so, what dose limits
or constraints should apply.
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