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ABSTRACT

The Comprehensive EnvironmentalResponse, Compensation,and LiabilityAct
(CERCLA) specifies thai the U.S. Department of Energy shall comply with the
proceduralandsubstantiverequirementsofCERCLA regardingcleanupof inactive
waste-disposal sites. Remedial actions require a level of controlfor hazardous
substances that at least attains legally applicable or relevant and appropriate

O requirements (ARAR). This requirement may be waived if compliance with ARARresults in greater risk to human health and the environment than alternatives or
is technically impractical. I will review potential ARAR for cleanup of inactive
radioactive waste-disposal sites and propose a set of closure criteria for such
sites at Oak Ridge National Laboratory. Important potential ARAR include federal
standards for radiation protection of the public, radioactivity in drinking water, and
near-surface land disposal of radioactive wastes. Proposed criteria for cleanup
of inactive radioactive waste-disposal sites are: (1) a limit of 0.25 mSv on annual
effective dose equivalent for offsite individuals; (2) limits of 1 mSv for continuous
exposures and 5 mSvfor occasional exposures on annual effective dose equivalent
for inadvertent intruders, following loss of institutional controls over disposal sites;
and (3) limits on concentrations of radionuclides in potable ground and surface
waters in accordance with federal drinking-water standards, to the extent reasonably
achievable.

INTRODUCTION

More than 130 sites at Oak Ridge National Laboratory (ORNL) have
been contaminated with radioactive, hazardous chemical, or mixed

radioactive and hazardous chemical materials over the past 45"yr
(Trabalka and Myrick, 1987; ORNL, 1987). I will propose criteria for

cleanup and closure of sites at ORNL, principally those used for disposal
of radioactive wastes. Closure criteria for sites contaminated with
hazardous chemicals are not considered.
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The Comprehensive Environmental Response, Compensation, and
Liability Act (CERCLA) of 1980 (Public Law 96-510), as amended by
the Superfund Amendments and Reauthorization Act of 1986 (Public
Law 99-499), specifieS that the Department of Energy (DOE)shall

comply withrequirements of CERCLA regarding cleanup of inactive
waste,disposal sites. Furthermore, the Environmental Protection
Agency (EPA) intends to include the Oak Ridge site on the National
Priorities List for remediation (EPA, 1989a).

Although CERCLA includes standards for cleanup of environmental
contamination to protect human health and the environment,

quantitative criteria defining acceptable levels of hazardous substances
in the environment are not specified. Rather, CERCLA specifies that
remedial actions shall require a level or standard of control for
hazardous substances which at least attains legally applicable or
relevant and appropriate requirements (ARAR). This requirement may
be waived, for example, if compliance with ARAR will result in greater
risk to human health and the environment than alternatives for

remediation or if compliance is technically impractical.

Specific numerical goals for cleanup of hazardous substances have
not been applied uniformly at all CERCLA sites (Baes and Marland,
1989). Rather, cost and feasibility have been the key factors in

determining the extent to which cleanup complies with legal
requirements. Additional factors have included public opinion,
acceptance by the state, and participation of the potentially responsible
party in remediation. Thus, implementation of CERCLA requirements
has been more a process of negotiating acceptable cleanup levels based

on site-specific situations than a predetermined result based on
generally applicable numerical criteria for protecting human health
and the environment.

Contrary to most past practices in implementing CERCLA require-

ments, I will assume it is desirable when planning for remedial actions
to establish, a pr/or/, specific numerical criteria that define an
acceptable result for site remediation and protect human health and
the environment. I will first discuss the important potential ARAR
for site cleanup. Because Tennessee has not established distinct

requirements that could apply to site cleanup at ORNL. I will focus
on federal requirements. Based on these ARAR, I will propose
quantitative criteria for site closure that protect (1) the off, lte public,

(2) inadvertent intruders at disposal sites following loss of active
institutional control, and (3) potable ground and surface waters.
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DISCUSSION OF POTENTIAL ARAR

Federal standards for limiting radiation dose to the public or levels
of radioactivity in the environment (Mills et al., 1988; Kocher, 1988)
can be divided into two Categories: (1) radiation protection standards
that are generally applicable to ali sources of exposure, exclusive of
natural background and medical procedures; and (2) environmental
radiation standards that apply only to specific sources of exposure.
Although environmental radiation standards have been developed for
many sources, no standards apply specifically to cleanup of inactive
radioactive waste-disposal sites.

Directly Applicable Standards

Two standards are directly applicable to cleanup of inactive radioactiv_
waste-disposal sites at ORNL: (1) Nuclear Regulatory Commission
(NRC) standards for radiation protection of the public, and (2) EPA
standards for radioactivity in drinking water.

NRC's current radiation protection standards for the public (NRC,
1988a) limit annual dose equivalents to the whole body to 5 mSv (0.5

O These standards revised and the f'mal
rem). are being (NRC, 1986),
standards may specify a limit on annual effective dose equivalent of
1 mSv (0.1 rem), with annual effective dose equivalents up to 5 mSv
(0.5 rem) permitted only under unusual circumstances (NRC, 1988b).
The same dose limits are incorporated in impending DOE requirements
for radiation protection of the public (DOE, 1988a).

EPA's interim standards for radioactivity in drinking water (EPA, 1988)
apply only to community water systems and at the point of use rather
than at the source. The standards specify (1) concentration limits
of 0.2 Bq/L (5 pCi/L) for 226Raand 2ZSRacombined and 0.6 Bq/L (15
pCi/L) for gross alpha activity, including radium but excluding radon
and uranium, and (2) a limit on annual dose equivalent of 0.04 mSv
(4 mrem) to the whole body or any organ from manmade, beta/gamma-
emitting radionuclides. Although these standards are being revised
(EPA, 1986), a proposed standard has not been issued. Impending
DOE requirements (DOE, 1988a) also specify a limit on annual effective
dose equivalent from DOE site drinking-water supplies of 0.04 mSv
(4 mrem), excluding naturally occurring radionuclides.

Potential Relevant and Appropriate Requirements

Although EPA standards for radioactivity in drinking water apply only
to community water systems (EPA, 1988), CERCLA specifies that these
standards are relevant and appropriate for cleanup of sites regulated
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under CERCLA. Thus, the concentration a_,d dose limits given above
may be used to limit contamination of ground water or surface waters
at or near inactive radioactive waste-disposal sites, particularly rf:
(1) sources could supply drinking water for individuals or populations,
(2) cleanup to standards is technically achievable and would not result
in greater risk to human health and the environment than cleanup
to less stringent levels, and (3) cleanup cost is reasonable in relation
to the potential benefits to human health.

Standards for near-surface land disposal of radioactive wastes at
operating or future facilities are probably relevant and appropriate
for cleanup of inactive sites, because previously contaminated sites
and current or future facilities involve similar disposal systems and
wastes with similar hazards. Current NRC standards (NRC, 1988c)
specify limits on annual dose equivalent to the offsite public of 0.25 mSv
(25 mrem) to the whole body, 0.75 mSv (75 mrem) to the thyroid,
or 0.25 mSv (25 mrem) to any other organ. The standards also implicitly
incorporate dose limits for inadvertent intruders, following loss of active
institutional control, that are consistent with NRC's current radiation

O protection standards for the public (NRC, 1988a). Thus, NRC standardsfor land disposal of radioactive wastes establish the precedent that
inadvertent intruders may be afforded less protection than offsite
individuals, provided intruders do not receive doses exceeding limits
specified in radiation protection standards for the public.

Standards have been developed for disposal of low-level radioactive
wastes at DOE sites (DOE, 1988b). DOE requirements are consistent
with NRC standards in that they specify (1) a limit on annual effective
dose equivalent to offsite individuals of 0.25 mSv (25 mrem) and
(2) limits on annual effective dose equivalent to inadvertent intruders
of 1 mSv (0:1 rem) for continuous exposure an'd 5 mSv (0.5 rem)
for occasional exposure. The latter requirement conforms to impending
NRC radiation protection standards discussed earlier.

EPA is developing standards for land dispesal of low-level radioactive
wastes and naturally occurring and accelerator-produced radioactive
materials (NARM) (EPA, 1989b; EPA, 1989c). Consistent with NRC
standards and DOE requirements, EPA intends to propose a limit on
annual effective dose equivalent to offsite individuals of 0.25 mSv
(25 mrem).

EPA may also propose requirements (EPA, 1989b; EPA, 1989c) for
protection of ground water at land disposal sites as follows: (1) No



, $ 'qP' , , •

Closure Criteria for ORNLDisposal Sites 121

increase in levels of radioactivity for Class I ground waters, which
are irreplaceable sources of drinking water for a substantial population
and/or are ecologically vital. (2) For Class II ground waters, which
could or do provide the primary source for a community water system,
a limit on annual effective dose equivalent to individuals from manmade
radionuclides of 0.04 mSv (4 mrem), assuming ingestion of 2 L/day,
and a concentration limit for radium of 0.2 Bq/L (5 pCi/L). (3) A
limit On annualeffective dose equivalent of 0.25 mSv (25 mrem)from
ali exposure pathways from contamination of Class IIIA or IIIB ground
waters, which are not potable but are interconnected to adjacent Class
I or II ground and/or surface waters. These potential ground-water
protection requirements would be important potential ARAR for
cleanup of inactive radioactive waste-disposal sites.

EPA's draft standards for low-level waste disposal (EPA, 1989b) do
not address protection of inadvertent intruders. However, draft
standards for disposal of NARM (EPA, 1989c) incorporate a level of
protection for inadvertent intruders that is consistent with NRC's
standards for land disposal of radioactive wastes (NRC, 1988c).

O PROPOSED RADIOLOGICAL CRITERIA FOR SITE CLOSURE

Based on impending NRC standards for radiation protection of the
public, EPA standards for radioactivity in drinking water, and current
NRC and draft EPA standards for near-surface land disposal of
radioactive wastes, the following radiological criteria are prgposed for
closure of inactive radioactive waste-disposal sites at ORNL:

• for offsite individuals beyond any boundary at which active
institutional control is maintained, a limit on annual effective dose
equivalent from ali exposure pathways of 0.25 mSv (25 mrem);

• for inadvertent intruders following loss of active institutional
control, limits on annual effective dose equivalent from ali exposure
pathways of 1 mSv (0.1 rem) for continuous exposure and 5 mSv
(0. 5 rem) for occasional exposure; and

• to the extent reasonably achievable, limits on concentrations of
radionuclides in ground and surface waters in accordance with
federal drinking-water standards and ground-water protection

: requirements.

The closure criteria for inactive radioactive waste-disposal ,_ites at
ORNL would be the same as requirements that will be placed on new
low-level waste-disposal facilities at ali DOE sites (DOE, 1988b) for
protection of human health and the environment.
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Two aspects of the proposed closure criteria should be emphasized.
First, these criteria would be used to determine a pr/or/ the need
for and acceptability of remedial actions at radioactively contaminated
sites. Second, because previous waste-disposal practices at ORNL were
not subject to the requirements for protection of ground and surface
waters that will apply to future disposals, cleanup of potential sources
to current or future standards would be required only if compliance
is technically achievable and the resulting benefits exceed costs. Even
if drinking-water standards and ground-water protection requirements
were not reasonably achievable at ORNL, the requirements for limiting
dose from ali exposure pathways to offsite individuals and inadvertent
intruders Would ensure adequate protection of public health from
consumption of drinking water at or near contaminated sites.

CleanUP of contaminated sites is not the only means of complying
with the proposed closure criteria. Appropriate remedial actions could

include (1) extending the period of active institutional control over
disposal sites beyond 100 yr, (2) maintaining active institutional control

e at locations well beyond the boundary of contaminated sites, and (3)use of passive institutional controls, e.g., public records and marker

systems at disposal sites to reduce public risk, particularly to
inadvertent intruders.
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