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Abstract

The U.S. Nuclear Regulatory Commission is considering the use of exclusion and clearance
in connection with the nuclear fuel cycle regulations. Clearance of licensed lands, buildings,
structures, materials, and equipment could expose members of the public to radiation in addition
to background. Establishing and implementing dose criteria for allowed concentrations of
radioactivity in the various media raise challenging issues for the regulator. Clearance also raises
significant regulatory issues, and these issues reflect trade-offs between concerns for protecting
public health and safety, as well as other socio-economic values and concerns. At the heart of
the issues are the adequacy of risk analyses, acceptability of risks, underlying rationales,
feasibility and cost of implementation, and exposures of the public to man-made radiation in
relation to natural sources of radiation.

1. INTRODUCTION

This paper presents an update on exclusion, exemption, and clearance as applied to the
nuclear fuel cycle. Some of the significant and undecided issues are identified from the viewpoint
of regulation by the U.S. Nuclear Regulatory Commission (NRC). This paper is organized to
briefly state the status of exclusion, exemption, and clearance and to identify clearance issues as
applied to cleanup and recycling or reuse.

2. EXCLUSION

In the proposed regulation on "Radiological Criteria for Decommissioning" [1], the NRC
applied exclusion to fallout. The NRC recognized that the very low level, very high volume of
contamination from global fallout as it exists in the environment from the testing of nuclear
explosive devices or from past nuclear accidents such as the one at Chernobyl is not under the
control of those licensed to use radioactivity. Thus, there is no way to regulate this
contamination. Further, exposure to these sources in the U.S. results in very low doses.
Therefore, the NRC redefined background to include these sources of contamination for the
purpose of clearance of lands and structures. Since regulatory requirements for clearance of lands
and structures apply to levels of contamination above background levels, the contribution from
fallout would be defined as part of background and thus excluded from the clearance limits. After
considering the public comments on the proposed rule, the staff kept the redefinition of
background to include fallout in the rulemaking that is now under consideration by the NRC.

3. EXEMPTION

NRC's regulations for the nuclear fuel cycle do not have exemptions from licensing for the
radioactive material that results directly in exposures of the public. However, in other parts of
the regulations, some radionuclides are allowed in manufactured products and as quantities and
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concentrations that are exempt. Generally, these exemptions are based on a benefit provided and
on low doses associated with exposure to the products as manufactured or to exposure to small
quantities and concentrations of radioactive material.

4. CLEARANCE

4.1. Overview

This discussion on clearance issues is divided into three parts—the first is on items or
materials and equipment that are transportable, i.e., recycling of materials or reusing equipment;
the second is on geographically fixed lands and structures, e.g., decommissioned sites and
buildings; and the third is on the relationship between the first two~i.e., the interface between
decommissioning and recycling or reusing.

4.2. Clearance of transportable materials and equipment

The staff is developing the risk assessment by pathway analysis for the recycling of iron
or steel, copper, aluminum, and concrete. For each of these materials and for each of over B5
radionuclides, more than 40 scenarios are being assessed. The scenarios cover human exposures
from transportation and handling, manufacturing processes, disposition of byproducts of
manufacturing, consumer use, and disposal. Further, the scenarios include reuse of equipment
from hand tools to large objects such as a truck, a pump, or a large machine. A formal
uncertainty analysis will be perfomied on the most limiting scenarios, and a sensitivity analysis
will be performed to identify the factors that have the greatest influence on dose. Upon
completion of the risk assessment, the staff will proceed with a cost/benefit analysis, a regulatory
issues public forum, and, after the "clean-up criteria" regulation is final, developing a proposed
regulation on recycling and reuse.

The number of probable scenarios for recycle or reuse is large, and many of the issues are
familiar to regulators. Regulatory issues on risk assessment and optimization include:
• Are the appropriate materials being modeled? Do other materials have enough volume as

waste or value as a material to merit analysis?
• What is the scope of the scenarios that must be analyzed for a generic regulation?
• How should regulators account for changes in the industry caused by the regulation itself?
• Which are the important radionuclides?
• What is an appropriate dose or risk basis for the regulation?
• Which sources of materials and equipment for recycle as a practice should be analyzed?

• only from NRC licensees?
• from all commercial, defense, and federal facilities nationally?
• from both national and international sources?

A confounding factor for implementing a recycling regulation is that many metal handlers
and melters in the U.S. have no tolerance for radioactive contamination on scrap metal and will
not accept it. Licensed radioactive gauges and scrap metal contaminated with naturally occurring
radioactive materials (NORM) have occasionally found their way into general commerce for
metal recycle. Accidental meltings of Cs-137 or Co-60 sources have resulted in very expensive
clean-up. Consequently, scrap metal dealers and melters have installed radiation monitors to
prevent accidentally melting a strong radioactive source. These detectors cannot distinguish
between a strong source shielded by a railroad car full of metal and an entire load of scrap metal
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with very low concentrations of radioactivity. Many scrap dealers find it is more economical to
refuse contaminated metals. If this is the case, should regulators anticipate a new specialty
industry designed to handle materials cleared by new regulations?

The public's perception of risk and fear of radiation may limit the acceptability of products
recycled from contaminated metals. Indeed, what is the market for radioactively contaminated
materials or equipment? Should regulations limit the kinds of products that can be made from
contaminated materials? If so, how would such regulations affect international trade? Should
there be international agreement on the kinds of products that could be manufactured with
radioactively contaminated materials? Alternatively, should there be a greater effort to gain
public acceptance of very small risks from radiation in exchange for socio-economic benefits?

The regulatory trend clearly is to base regulations on dose or risk. The International Atomic
Energy Agency report, Principles for the Exemption of Radiation Sources and Practices from
Regulatory Control, Safety Series No. 89, drew the conclusion that, "...an individual radiation
dose, regardless of its origin, is likely to be regarded as trivial if it is of the order of some tens of
microsieverts per year [2]." Preliminary results indicate that a dose basis of 10 uSv/a for a
clearance regulation would result in differences from present guidance, and possibly from
transportation standards. On a dose basis, the limits for some radionuclides could be raised
significantly from those in NRC Regulatory Guide 1.86, Termination of Operating Licenses for
Nuclear Reactors [3]. Since more restrictive levels for many nuclides can be met today, what
is an appropriate level of effort to apply the principle of optimization to contamination levels that
could result in 10 uSv/a?

4.3. Clearance of lands and buildings

The NRC is considering a final regulation for clearance of lands and structures. The draft
of the regulation is based on the proposed regulation published in 1994 [1], however, there are
significant differences, and some find the differences controversial. Some of the significant
issues are categorized below by their application to lands, natural resources, buildings, and large
volumes of long-lived, low-level radioactive waste.

4.3.1. Clearance of lands

Should the value of the clearance dose allowed to the average member of the critical group
be based on a fixed fraction of 1 mSv/a or on a risk comparable to that from other environmental
hazards? Or both? For all practices combined, 1 mSv/a is taken as an upper limit of acceptable
risks. Thus, the regulator must estimate the appropriate total number of sources of exposure to
members of the public and the doses associated with the sources. In addition, concern for
inequity of exposures to the public enters the judgment process of the regulators. How should
radiation, as a potential environmental carcinogen, be compared with other environmental
carcinogens? As another issue, assuming that the concentrations of nuclides that correspond to
the dose allowed by regulation have been established, what measurements would establish that
the regulatory requirement has been achieved? For lands and buildings, the NRC, the U.S.
Environmental Protection Agency, the U.S. Department of Energy, and the U.S. Department of
Defense have published draft guidance for such a measurement procedure, entitled Multi-Agency
Radiation Survey and Site Investigation Manual, (MARSSIM) [4]. Public comments on the draft
MARSSIM may be submitted before July 1997.
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When lands cannot undergo clearance, there are only a few logical alternatives:

• clearance of part of the land
• use that restricts critical exposure pathways
• continued regulatory control
• confiscation and isolation by governmental ownership.

Regulatory issues in these cases of restricted use or continued control are similar to those of
clearance, but the licensee must also provide substantial assurance that the restrictions on
exposure pathways will endure for the time established by the regulator. Alternatively, the
licensee may have to release the property to the government for long term control.

4.3.2. Clearance of water and other natural resources

In addition to protection of human health, there is some thought that water or minerals or
other natural resources need protection from radioactive contamination. For example, there are
radiosensitive products or processes such as photography and silicone chip manufacturing that
depend on feedstock and processing materials with very low levels of radioactive contamination.
If regulators adopt objectives other than for protection of human health from radiation, these

objectives must be clearly defined so that the basis for the protection can be clearly stated and
compared to the protection of human health. Such other objectives should consider NORM as
a component of radiation in the environment. The principles of justification and optimization
may be applied to the protection of natural resources as well as to human health. As always
socio-economic factors should be taken fully into account.

4.3.3. Clearance of buildings and structures

The clearance of buildings is complicated by the difficulties of implementing generic
modeling with the wide variety of room or building configurations and the presence of indoor
radon. Dose assessment models make assumptions about the size and configuration of the
building or room. Further, it is not always clear what is to be considered as part of the building
or as removable equipment. For example, cabinets, light fixtures, plumbing, and ventilation ducts
may or may not need to be removed before a building is cleared. When implementing clean-up
criteria, knowledge of the risk assessment model combined with common sense should prevail
on a case-by-case basis. The MARSSIM provides guidance in this area [4]. Another
complicating factor can be indoor radon—especially in facilities where NORM or radium are part
of the operations. It is very difficult to distinguish the radon attributable to a licensed operation
from natural radon. One approach is simply to account for the total radon and to intervene when
indicated by appropriate guidance.
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4.3.4. Disposition of large volumes of very low activity radioactive waste

Large volumes of very low activity, long-lived radioactive waste may be generated from
the clean-up of lands or structures. Various approaches have been used to deal with these wastes:

disposal offsite in an appropriately designated waste facility
• disposal onsite in a specially constructed facility
• processing to remove the radioactivity or to concentrate it into a smaller volume
• dilution or dispersion and
• leaving the radioactivity in place with or without stabilization.

Taking full account of socio-economic factors, the principles of justification, optimization,
and constraint are adequate to apply to regulatory decisions on the most appropriate handling of
these wastes on a case-by-case basis. It is not clear that a generic treatment of this type of waste
is feasible.

4.4. Interface between clearance for recycle and clearance of buildings

In the proposed regulation on clean-up, the NRC recognized that after clearance of a
building, materials from the building could enter the general commerce for recycling or reuse in
an uncontrolled manner [1].

4.4.1. Parts of cleared buildings or structures used for recycling

Once lands or buildings have undergone clearance, materials may be taken offsite for
recycling or reuse. For example, a building could be demolished and salvaged for steel, concrete,
or other materials. Similarly, soil or rocks from cleared lands could be transported offsite for
landfill or aggregate. If the concentrations of radionuclides in the materials cleared from lands
and buildings were significantly greater than the concentrations used for clearance in recycling
and reuse, the protection of public health may or may not be ensured. Regulators must assess the
scenarios that might occur in this situation. If allowed doses to the public were the same for
clearance of buildings and for recycled materials, it is possible that the larger amount of
radioactivity in a building would lead to lower allowed concentrations for buildings than for
recycle taken alone. However, the allowed dose for clearance of lands and buildings is likely to
be some multiple times greater than for recycled materials. Such a difference in allowed doses
could more than compensate for the larger source term and the associated geometry effects in
buildings.

4.4.2. Cleared materials and equipment incorporated into buildings

Conversely, if recycled materials are incorporated into a building, there is a question as to
whether the clearance dose for buildings would be exceeded. Again, regulators need to perform
risk assessment for these scenarios, and take into account the effects of clearance levels for
recycling on doses from structures and materials made from recycled materials.
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5. CONCLUSION

While the fundamental principles of radiation protection are adequate for exemption,
exclusion, and clearance, there are significant issues to be explored for their implementation in
the nuclear fuel cycle. Resolution of some of the issues centers on questions of acceptable risk
and socio-economic values that enter the justification of the options, while other issues are
basically optimization problems. Finally, establishing constraints to ensure environmental equity
can affect the results of the justification and optimization processes. Regulators need to
understand the trade-offs of regulatory options while taking socio-economic values into account
as they develop regulations.
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