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ABSTRACT

The Comprehensive Environmental Response, Compensation, and Liability

Act (CERCLA), as amended, specifies that cleanup of Inactive waste

disposal sites at Department of Energy (DOE) facilities shall at least

attain legally applicable or relevant and appropriate requirements (ARARs)

for cleanup or control of environmental contamination. This paper

discusses potential ARARs for cleanup of inactive radioactive waste

disposal sites and proposes'a set of closure criteria for such sites at

Oak Ridge National Laboratory (ORNL). The most important potential ARARs

include Federal standards for radiation protection of the public,

radioactivity in drinking water, and near-surface land disposal of

radioactive wastes. On the basis of these standards, we propose that

cleanup and closure of inactive radioactive waste disposal sites at ORNL

shall achieve (1) limits on annual effective dose equivalent for off-site

Individuals and inadvertent intruders that conform to the DOE's

performance objectives for new low-level waste disposal facilities and

(2) to the extent reasonably achievable, limits on radionuclide

concentrations in ground water and surface waters in accordance with

Federal drinking water standards and ground-water protection requirements.
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INTRODUCTION

More than 130 sites at Oak Ridge National Laboratory (ORNL) ha-» a been

contaminated with - radioactive, hazardous chemical, or mixed radioactive

and hazardous chemical materials from operations over the past 45 years

(Trabalka and Myrlck 1987; ORNL 1987). The purpose of this paper is to

present proposed criteria for cleanup and closure of sites previously

contaminated with radioactive materials at ORNL, principally sites for

disposal of radioactive wastes. Closure criteria for sites contaminated

with hazardous chemical materials are not considered.

The Comprehensive Environmental Response, Compensation, and Liability

Act (CERCLA) of 1980 (Public Law 96-510), &• amended by the Superfund

Amendments and Reauchorlzatlon Act of 1986 (Public Law 99-499), specifies

that the Department of Energy (DOE) shall comply with requirements 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 1989).

CERCLA includes standards for cleanup of environmental contamination

that are intended to assure protection of human health and the

environment, but 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 (ARARs). However, this



requirement may be waived, e.g., (1) if compliance with ARARs will result

in greater risk to human health and the environment than alternatives for

remediation or (2) if compliance is technically impractical.

Specific numerical goals for cleanup of hazardous substances have not

been applied uniformly at different CERCLA sites (Baes and Marland 1989).

Rather, cost and feasibility have been the most important factors lr

determining the extent to which cleanups comply with legal requirements.

Additional factors in determining acceptable cleanup have included the

Influence of public opinion, acceptance by the State, and participation of

the potentially responsible party in the 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 related to protection of human health and the environment.

In this paper we assume, contrary to most past practices in

implementing CERCLA requirements, that it would be desirable in planning

for remedial actions at inactive radioactive waste disposal sites at ORNL

to establish a priori specific numerical criteria, related to protection

of human health and the environment, which define an acceptable result for

site remediation. In order to develop such criteria, we first discuss the

most important potential ARARs for site cleanup. We focus on Federal

requirements, because the State of Tennessee has not established distinct

requirements that could apply to site cleanup at ORNL. On the basis of

these ARARs, we then propose quantitative criteria for site closure that

provide protection of (1) off-site members of the public, (2) Inadvertent

intruders onto disposal sites following loss of active institutional

control, and (3) potable ground water and surface waters.



DISCUSSION OF POTENTIAL ARARS

Federal standards for limiting radiation dose to the public or levels

of radioactivity in the environment (Hills et al. 1988; Kocher 1988) can

be divided into two categories: (1) radiation protection standards that

are generally applicable to all sources of exposure, exclusive of natural

background and deliberate medical practices, and (2) environmental

radiation standards that apply only to specific practices or sources of

exposure. Environmental radiation standards have been developed for many

practices or sources, but there are no standards that apply specifically

to cleanup of inactive radioactive waste disposal sites.

Directly Applicable Standards

The two standards that clearly are directly applicable to cleanup of

inactive radioactive waste 'disposal sites at ORNL are (1) Nuclear

Regulatory Commission (NRC) standards for radiation protection of the

public and (2) EPA standards for radioactivity in drinking water.

The NRC's current radiation protection standards for the public (NRC

1988a) specify a limit on annual dose equivalent to whole body of 5 mSv

(0.5 rem). However, these standards are being revised (NRC 1986), and the

impending revisions apparently will specify a limit on annual effective

dose equivalent of 1 mSv (0.1 rem), with annual effective dose equivalents

up to S mSv (0.5 rem) permitted only under unusual circumstances (10 CFR

Part 20, draft Final Rule, November 1988). The same dose limits are

incorporated in impending DOE requirements for radiation protection of the

public (draft DOE Order 5400.XX, March 18, 1988).

The 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

5 pCl/L (0.2 Bq/L) for 226Ra and 228Ra combined and 15 pCl/L (0.6 Bq/L)

for gross alpha-particle activity, Including radium but excluding radon

and uranium, and (2) a limit on annual dose equivalent of 0.04 mSv

(4 mrem) to whole body or any organ from man-made, beta/gamma-emittirg

radlonuclldes. These standards are being revised (EPA 1986), but a

proposed standard has not been Issued. Impending DOE requirements in the

draft Order 5400.XX referred to above also specify a limit on annual

effective dose equivalent from drinking water supplies operated by or for

the DOE of 0.04 mSv (4 mrem), excluding naturally occurring radionuclldes.

Potential Relevant and Appropriate Requirements

Although the 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

under CERCLA. Thus, the concentration and 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 If (1) the sources

could supply drinking water for individuals or populations, (2) cleanup to

the standards is technically achievable and would not result in greater

risk to human health and the environment than the alternative of cleanup

to less stringent levels, and (3) the cost of such cleanup is reasonable

in relation to the resulting reductions in risks to human health.

Standards for near-surface land disposal of radioactive wastes that

are applicable to currently operating or future facilities probably are

relevant and appropriate for cleanup of Inactive radioactive waste



disposal sites, because previously contaminated sites and current or

future facilities Involve similar disposal systems and wastes with similar

hazards. Current NRC standards (NRC 1988b) specify a limit on annual dose

equivalent to off-site members of the public of 0.25 raSv (25 rarera) to

whole body, 0.75 mSv (75 mrem) to thyroid, or 0.25 raSv (25 mrem) to any

other organ. The standards also implicitly Incorporate dose limits "or

inadvertent intruders onto disposal sites following loss of active

Institutional control that are consistent with the NRC'a current radiation

protection standards for the public (NRC 1988a). Thus, NRC standards for

land disposal of radioactive wastes establish the important precedent for

cleanup of inactive sites that inadvertent intruders may be afforded a

less stringent level of protection than off-site individuals, provided

intruders do not receive doses exceeding limits specified in radiation

protection standards for the public.

The DOE has developed standards for disposal of lew-level radioactive

wastes at its sites (DOE 1988). The DOE requirements are consistent with

the NRC standards described above in that they specify (1) a limit on

annual effective dose equivalent to off-site 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 and 5 raSv

(0.5 rem) for occasional exposure. The latter requirement conforms to the

impending NRC radiation protection standards discussed previously.

The EPA is developing standards for land disposal of low-level

radioactive wastes and naturally occurring and accelerator-produced

radioactive materials (NARM) (40 CFR Parts 193 and 764, draft Proposed

Rules, April 6, 1989). Consistent with the NRC standards and DOE

requirements discussed above, the EPA intends to propose a limit on annual



effective dose equivalent to off-site Individuals of 0.25 raSv (25 mrem).

The EPA may also propose the following requirements for protection of

ground water at land disposal sites: (1) no 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 of water for a community water system, a limit on annual

effective dose equivalent to individuals from man-made radionuciides of

0.04 raSv (4 mrem), assuming lngestion of two liters per day of affected

ground water, and a concentration limit for radium of 5 pCi/L (0.2 Bq/L),

and (3) a limit on annual effective dose equivalent of 0.25 mSv (25 mroro)

from all 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 waters and/or surface waters. These ground-water protection

requirements clearly would be Important potential ARARs for cleanup of

inactive radioactive waste disposal sites.

The EFA's draft proposed standards for low-level waste disposal in 40

CFR Fart 193 do not address protection of inadvertent intruders. However,

the draft proposed standards in 40 CFR Part 764 Incorporate a level of

protection for Inadvertent intruders from disposal of NARM that is

consistent with the NRC's standards for land disposal of radioactive

wastes (NRC 1988b).

PROPOSED RADIOLOGICAL CRITERIA FOR SITE CLOSURE

On the basis of impending NRC standards for radiation protection of

the public, EPA standards for radioactivity in drinking water, and current

NRC and draft proposed EPA standards for near-surface land disposal of
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radioactive wastes, we propose the following radiological criteria for

closure of Inactive radioactive waste disposal sites at ORNL:

- for off-site Individuals beyond any boundary at which active

Institutional control Is maintained, a limit on annual effective dose

equivalent from all exposure pathways of 0.25 raSv (25 rarera);

- for Inadvertent Intruders onto contaminated sites following loss of

active Institutional control, limits on annual effective dose

equivalent from all exposure pathways of 1 mSv (0.1 rera) for

continuous exposure and 5 raSv (0.5 rem) for occasional exposure; and

- to the extent reasonably achievable, limits on concentrations of

radlonuclldes In ground water and surface waters In accordance with

Federal drinking water standards and ground-water protection

requirements. «

The closure criteria for Inactive radioactive waste disposal sites at ORNL

would be the same as the requirements for protection of human health and

the environment that will be placed on new low-level waste disposal

facilities at all DOE sites (DOE 1988b).

Two aspects of the proposed closure criteria should be emphasized.

First, as mentioned previously, these criteria would be used to determine

a priorL the need for and acceptability of remedial actions at

radioactlvely contaminated sites at ORNL. Second, since previous waste

disposal practices at ORNL were not subject to the requirements for

protection of ground water 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 the costs. However, even If drinking water

standards and ground-water protection requirements wore not reasonably

achievable for potential sources at ORNL, the requirements for limitation

of dose to off-site individuals and inadvertent intruders from all

exposure pathways would ensure adequate protection of public hoalth from

consumption of drinking water at or near contaminated sites.

Finally, we would also emphasize that cleanup of contaminated sites

is not necessarily 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 the

rather arbitrary time of 100 years, (2) maintaining active institutional

control at locations well beyond the boundary of contaminated sites, and

(3) use of such passive institutional controls as public records and

marker systems at disposal sites to reduce future doses and risks to the

public, particularly inadvertent Intruders.
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